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(54) PROCESS FOR PREPARATING OPTICALLY ACTIVE COMPOUNDS 



(57) The present invention relates to a novel, highly 
practical method for producing optically active com- 
pounds such as optically active alcohol and optically 
active amine useful for various utilities such as synthetic 
intermediates of drugs, liquid crystal materials, and opti- 
cal resolution agents, comprising hydrogen transfer- 
type asymmetric reduction in the presence of a transi- 
tion metal catalyst and an optically active nitrogen-con- 
taining compound or a transition metal catalyst with an 
optically active nitrogen-containing compound as the 
asymmetric Hgand, and a hydrogen-donating organic or 
inorganic compound. 

In accordance with the present invention, charac- 



teristically, an optically active secondary alcohol can be 
recovered through the hydrogen transfer-type oxidation 
from racemic secondary alcohol or meso-type diol. 
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Descripti n 

Technical Field 

.5 [0001] The present invention relates to a method for producing optically active compounds such as optically active 
alcohols and optically active amines. More specifically, the present invention relates to a novel, highly practical method 
for producing optically active compounds useful for various utilities such as intermediates for synthesizing pharmaceu- 
tical chemicals, liquid crystal materials and agents for optical resolution. 

10 Background Art 

[0002] Various methods for producing optically active compounds have been known conventionally. As the method 
for asymmetrically synthesis of optically active alcohol compounds, for example, the following methods have been 
known; 

15 

(1) a method by using enzymes such as baker's yeast; and 

(2) a method for asymmetric hydrogenation of carbonyl compounds by using metal complex catalysts. For the 
method (2), in particular, a great number of examples of asymmetric catalytic reactions have been reported for 
example as follows; (1) an asymmetric hydrogenation of carbonyl compounds with functional groups, by means of 

20 optically active ruthenium catalysts, as described in detail in Asymmetric Catalysis in Organic Synthesis,- Ed. R. 
Noyori.. pp.56-82 (1994); (2) a method through hydrogen transfer-type reduction by means of chiral complex cata- 
lysts of ruthenium, rhodium or iridium, as described in Chem. Rev., Vol. 92, pp.1051-1069 (1992); 

(3) a process of asymmetric hydrogenation tartaric acid by means of a modified nickel catalyst with tartaric acid as 
described in Oil Chemistry, pp.882-831 (1980) and Advances in Catalysis, Vol.32, pp.215 (1983), Ed. Y Izumi; (4) 

25 an asymmetric hydrosilylation method, as described in Asymmetric Synthesis, Vol. 5, Chap. 4 (1 985), Ed. J. D. Mor- 
rison and J. Organomet. Chem. Vol.346, pp.41 3-424 (1988); and (5) a borane reduction process in the presence of 
chiral ligands, as described J. Chem. Soc., Perkin Trans.1 , pp.2039-2044 (1985) and J. Am. Chem: Soc., Vol.109, 
pp. 5551-5553 (1987). 

30 [0003] By the conventional method by means of enzymes, however, alcohols can be recovered at a relatively high 
optical purity, but the reaction substrate therefor is limited and the absolute configuration in the resulting alcohols is lim- 
ited to specif ic one. By the asymmetric hydrogenation method by means of transition metal complex catalysts, optically 
active alcohols can be produced at a high selectivity, but a pressure-resistant reactor is required therefor because 
hydrogen gas is used as the hydrogen source, which is disadvantageous in terms of operational difficulty and safety. 

35 Furthermore, the method through such asymmetric hydrogen transfer-type reduction by using conventional metal com- 
plex catalysts is limited in that the method requires reaction conditions under heating and the reaction selectivity is 
insufficient, disadvantageous^ in practical sense. 

[0004] Accordingly, it has been desired conventionally that a new, very general- method for synthesizing optically 
active alcohols by using a highly active and highly selective catalyst with no use of hydrogen gas be achieved. - 

40 [0005] But no highly efficient and highly selective method for producing such secondary alcohols through asymmetric 
synthetic reaction by using catalysts similar to those described above has been established yet. 
[0006] As to the optically active secondary alcohols, a method for synthesizing optically active secondary alcohols via 
optical resolution of racemic secondary alcohols has been known for some reaction substrate which can hardly be 
reduced, although an excellent optical purity is hardly attained (Asymmetric Catalysis in Organic Synthesis, Ed. R. Noy- 

45 ori). Because hydrogen transfer-type reduction is a reversible reaction according to the method, dehydrogenation-type 
oxidation as its adverse reaction is used accorcfing to the method. Therefore, the method is called as kinetic optical res- 
olution method. According to the method, howe/er, no process of producing optically active secondary alcohols with 
catalysts at a high efficiency has been reported yet 

[0007] As the method for synthetically producing optically active amine compounds, furthermore, a process of opti- 
50 cally resolving once produced racemic compounds by using optically active acids and a process through asymmetric 
synthetic reaction have been known. By the optical resolution process, however, optically active acids should be used 
at an equal amount or more to amine compounds disadvantageously and complex procedures such as crystallization, 
separation and purification are required so as to recover optically active amine compounds. As the method through 
asymmetric synthesis, alternatively, the following processes have been known; (1) an enzymatic process; (2) a process 
55 by using metal hydride compounds; and (3) a process of asymmetric hydrogenation by using metal complex catalysts. 
As to the process by using metal hydride compounds as described above in (2), a great number of reports have been 
issued about a process of asymmetrically reducing carbon-nitrogen multiple bonds by using metal hydrides with chiral 
modifiers. As a general process thereof, for example, it has been known a stoichiometric reduction process of imine 
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compounds and oxime compounds by using a metal hydrides with an optically active ligand. as described in Compre- 
hensive Organic Synthesis, EdS. B.M. Trost and I. Flemming, Vol.8, p.25 (1991), Organic Preparation and Procedures 
Inc. O. Zhu, R. 0. Hutchins, and M. K. Huchins, Vol.26{2), pp.193-235 (1994) and Japanese Patent Laid-open No. 2- 
31 1446. The process includes a number of processes with excellent reaction selectivity, but these processes are dis- 

5 advantageous because that these processes require the use of a reaction agent at an equivalent weight or more to a 
reaction substrate, along with neutralization treatment after the reaction and additionally in that these processes require 
laborious purification procedures to recover optically active substances. As the process of asymmetric hydrogenation 
of carbon-nitrogen multiple bonds by using metal complex catalysts as the method (3), it has been known an asymmet- 
ric hydrogenation process of imine compounds with functional groups, by means of optically active metal complex cat- 

ro alysts, as described in Asymmetric Catalysis in Organic Synthesis, pp.82-85 (1994), Ed. R. Noyori. But the process has 
a drawback in terms of reaction velocity and selectivity. 

[0008] By the method by using enzymes as the method (1 ) , furthermore, amines at a relatively high optical purity can 
be recovered, but the reaction substrates are limited and the resulting amines have only specific absolute configura- 
tions. Furthermore, at a process of asymmetric hydrogenation by means of complex catalysts of transition metals using 
15 hydrogen gas, optically active amines have not yet been recovered at a high selectivity or pressure-resistant reactors 
are essentially required because hydrogen gas is used as the hydrogen source. Hence, such process is disadvanta- 
geous because of technically difficult operation and safety problems. 

[0009] Accordingly, it has been demanded that a novel method for synthesizing an optically active amine by using a 
very common, highly active and highly selective catalyst be realized. 

20 [0010] Alternatively, a great number of transition metal complexes have been used conventionally as catalysts for 
organic metal reactions; particularly because rare metal complexes are highly active and stable with the resultant ready 
handleability despite of high cost, synthetic reactions using the complexes have been developed. The progress of such 
asymmetric synthetic reactions using chiral complex catalysts is innovative, and a great number of reports have been 
issued, reporting that highly efficient organic synthetic reactions have been realized. 

25 [0011] Among them, a great number of asymmetric reactions using chiral complexes catalysts with optically active 
phosphine ligands as the catalysts therefor have already been developed, and some of them have been applied indus- 
trially (Asymmetric Catalysis in Organic Synthesis, Ed. R. Noyori). 

[0012] As complexes of optically active nitrogen compounds coordinated with transition metals such as ruthenium, 
rhodium and iridium, a great number of such complexes additionally having excellent properties as catalysts for asym- 
30 metric synthetic action have been known. So as to enhance the properties of these catalysts, a great number of prop- 
ositions concerning the use of optically active nitrogen compounds of specific structures have been done (Chem. Rev. 
.Vol.92, pp.1051-1069 (1992)). 

[001 3] For example, reports have been issued about (1 ) optically active 1 ,2-diphenylethylenediamines and rhodium- 
diamine complexes with ligands of cyclohexanediamines. as described in Tetrahedron Asymmetry, Vol.6, pp.705-718 

35 (1 995); (2) ruthenium-imide complex with ligands of optically active bisaryliminocyclohexanes. as described in Tetrahe- 
dron, Vol.50, pp.4347-4354 (1994); (3) iridium-pyridine complex with ligands of pyridines, as described in Japanese Pat- 
ent Laid-open Nos. 62-281861 and 63-119465; (4) optically active 1 ,2-diphenylethylenediamines or iridium-diamine 
complex with ligands of cyclohexanediamines, as described in Japanese Patent Laid-open No. 62-273990; (5) ruthe- 
nium-diamine complex of RuCI[p-TsNCH(C 6 H5)CH(C 6 H 5 )NH2] (arene) (chloro-(N-p-toluenesulfbnyl-1.2-diphenylethyl- 

40 enediamine)(arene)ruthenium) (arene represents benzene which may or may not have a substituent), which is 
produced by coordinating ruthenium with optically active N-p-toluenesurfonyl-1 ,2-diphenyl ethyl enediamine [referred to 
as "p-TsNHCHfCeHsJCHCCeHsJNIV hereinabove and below], as described in J. Am. Chem. Soc., Vol.117, pp.7562- 
7563(1995); J. Am. Chem. Soc., Vol.118, pp.2521-2522 (1996) and J. Am. Chem. Soc.. Vol.118, pp.491 6-491 7 (1996). 
[0014] Even if these complexes are used, however, problems currently remain to be overcome for practical use, 

45 including insufficient catalyst activities, sustainability and optical purities, depending on the subjective reactions and 
reaction substrates. 

Disclosure of Invention 

so [001 5] So as to overcome the aforementioned problems, the present invention is to provide a method for producing 
optically active compounds, comprising subjecting a compound represented by the following formula (I); 



55 
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R a 



R b 



V 



en 



ro (wherein Ra and Rb independently represent a linear or cyclic hydrocarbon group or heterocyclic group which may or 
may not have a substituent; W 1 represents oxygen atom, N-H, N-Rc, N-OH or N-O-Rd; and Rc and Rd represent the 
same hydrocarbon group or heterocyclic group as described above) 

to transfer-type asymmetric reduction in the presence of a transition metal complex and an optically active nitrogen-con- 
taining compound or a transition metal complex with an optically active nitrogen-containing compound as an asymmet- 
15 ric ligand. along with a hydrogen-donating organic or inorganic compound, to produce an optically active compound 
represented by the following formula (II); 



20 



30 



35 



45 



50 



R a 



R b 




W 2 (II) 



25 (wherein W 2 represents OH, NH2, NH-Rc, NH-OH or NH-O-Rd; and Ra, Rb, Rc and Rd independently represent the 
same as those described above). 

[001 6] Additionally, the present invention is to provide a method for producing an optically active alcohol according to 
the aforementioned method, comprising asymmetrically reducing a carbonyl compound represented by the following 
formula (III); 



0 

R 1 — c- R _ cm) 



(wherein R 1 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or a heterocyclic group which may or may 
40 not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms com- 
posing the ring; R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent or an aromatic hydrocarbon group, or the same 
heterocyclic group as described above; and R 1 and R 2 may satisfactorily be bonded together to form a ring), 
to produce an optically active alcohol represented by the following formula (IV) ; 



OH 

R 1 — C— R a (iv) 
H 



(wherein R 1 and R 2 are the same as described above). 
55 [001 7] Furthermore, the present invention is to provide a method for producing an optically active amine, comprising 
asymmetrically reducing an imine compound represented by the following formula (V) ; 
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NR 5 



5 




(V) 



(wherein R 3 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
10 cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or a heterocyclic group which may or may 
not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms com- 
posing the ring; R 4 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent, or an aromatic hydrocarbon group, or the same 
heterocyclic group as described above; R 5 represents hydrogen atom, or a saturated or unsaturated aliphatic hydrocar- 
is bon group or cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or an aromatic hydrocarbon 
group, or the same heterocyclic group as described above, or the hydrocarbon group or heterocyclic group bonded 
together via hydroxy! group or oxygen atom; and R 3 and R 4 , R 3 and R 5 or R 4 and R 5 , are bonded together to form a 
ring), 

to produce optically active amines represented by the following formula (VI); 

20 




(VI) 



(wherein R 3 , R 4 and R 5 are the same as described above). 
30 [001 8] Still furthermore, the present invention is to provide a method for producing optically active secondary alcohols, 
comprising subjecting racemic secondary alcohols or meso-type diols to hydrogen transfer reaction by using a catalyst 
of an optically active ruthenium-diamine complex represented by the following general formula (VII); 



35 - 



40 




(VII) 



45 

(wherein * represents an asymmetric carbon atom; R 01 and R 02 are the same or different, independently representing 
alkyl group, or phenyl group or cycloalkyl group which may or may not have an alkyl group; or R 01 and R 02 together form 
an alicyclic ring unsubstituted or substituted with an alkyl group; R 03 represents methanesulfonyl group, trifluorometh- 
anesulfonyl group, naphthylsulfonyl group, camphor sulfonyl group, or benzenesulfonyl group which may or may not be 
so substituted with an alkyl group, an alkoxyl group or halogen atom, alkoxycarbonyl group, or benzoyl group which may 
or may not be substituted with an alkyl group; R 04 represents hydrogen atom or alkyl group; X represents an aromatic 
compound which may or may not be substituted with an alkyl group; and m and n together represent 0 or 1). 

Best Mode for Carrying out the Invention 

55 

[001 9] In accordance with the present invention, the characteristic methods for producing optically active compounds 
and catalysts therefor as described above are provided. The detail is described below. 

[0020] Firstly, the method for producing an optically active alcohol of the general formula (I) wherein is oxygen 
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atom and of the general formula (II) wherein R 2 is OH (hydroxyl group) is described. In the formulas (I) and (II), Ra and 
Rb independently represent a linear or cyclic hydrocarbon or heterocyclic group which may or may not have a substit- 
uent, and the carbonyl compound represented by Ra, Rb and W t (oxygen atom) are represented by the following for- 
mula (III) as described above, and the optically active alcohol compound produced by the hydrogen transfer-type 
5 asymmetric reduction of the carbonyl compound represented by the formula (III) may satisfactorily be represented by 
the formula (IV). 

o 

] II o 

» R— C-R (HI) 

, 5 R 1 — C-.R a uv) 



20 

. [0021] Herein, R 1 represents a monocyclic or polycyclic aromatic hydrocarbon group, a saturated or unsaturated 
aliphatic hydrocarbon group or cyclic aliphatic hydrocarbon group, which may or may not have a substituerrt, or a hete- 
rocyclic group which may or may not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur 
atoms and the like as atoms composing the ring. The cyclic aliphatic hydrocarbon group and heterocyclic group may 

25 satisfactorily be monocyclic or polycyclic like the aromatic hydrocarbon group. The cyclic hydrocarbon (aromatic or ali- 
cyclic) and the heterocyclic groups are of condensed series or non-condensed series if they are polycyclic. 
[0022] For example, R 1 specifically includes aromatic monocyclic or polycyclic groups such as phenyl group, 2-meth- 
ylphenyl, 2-ethylphenyl, 2-isopropylphenyl, 2-tert-butylphenyl, 2-methoxyphenyl, 2-chlorophenyl, 2-viny!phenyl, 3-meth- 
ylphenyl, 3-ethylphenyl, 3-isopropylphenyl, 3-methoxyphenyl, 3-chlorophenyl, 3-vinylphenyl, 4-methylphenyl, 4- 

30 ethylphenyl, 4-isopropylphenyl, 4-tert-butylphenyl, 4-vinylphenyl, cumenyl (cumyl), mesttyl, xylyl, 1-naphthyl. 2-naph- 
thyl, anthryl, phenanthryl, and indenyl; hetero monocyclic or polycyclic groups such as thienyl, furyl, pyranyl, xanthenyl, 
pyrtdyl, pyrrolyl, imidazolynyl, indolyl, carbazoyi, and phenanthronylyl; and ferrocenyl group. 

[0023] Like these examples, the compound may satisfactorily have various substituents as the substituent, which may 
be hydrocarbon groups such as alky!, aJkenyl, cycloalkyl and cycloalkenyl; halogen atoms; oxygen-containing groups 

35 such as alkoxy group, carboxyl group and ester group; nitro group; amino group and the like. 

[0024] Alternatively, R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent or an aromatic hydrocarbon group, or the same 
heterocyclic group containing hetero atoms, as described above. These are for example alkyl groups such as methyl, 
ethyl, propyl, butyl, pentyl, hexyl and heptyl; cycloalkyl groups such as cyclopropyt, cydobutyl, cydopentyl and 

40 cyclohexyl; unsaturated hydrocarbon such as vinyl and allyl; and the same as those for R 1 . Furthermore, R 2 may satis- 
factorily include derivatives of p -keto acid with a functional group at position p. When R 1 and R 2 are bonded together 
to form a ring, R 2 is for example a saturated or unsaturated alicyclic group to form cydic ketones, such as cyclopen- 
tanone, cyclohexanone, cycloheptane, cydopentenone, cyclohexenone, and cycloheptenone; and saturated and 
unsaturated alicyclic groups with a linear or cydic hydrocarbon substituent group containing alkyl group, aryl group, 

45 unsaturated alkyl group and hetero atom on individual carbons. 

[0025] According to the method for producing optically active alcohol compounds through asymmetric reduction of 
carbonyl compounds, an asymmetric reduction catalyst system of a transition metal complex and an optically active 
nitrogen-containing compound is used for the asymmetric reduction. 

[0026] As the metal catalyst, then, use is made of various transition metals because they have ligands; particularly 
so preferably, use is made of a transition metal complex represented by the following general formula (a); 

MXmbi (a) 

(wherein M represents transition metals of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, osmium, 
55 palladium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy group and 
the like; L represents neutral ligands such as aromatic compounds and olefin compounds; and m and n represent an 
integer). As the transition metals in these transition metal catalysts, ruthenium is one of preferable examples. 
[0027] When the neutral ligands are aromatic compounds, a monocyclic aromatic compound represented by th fbl- 
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lowing general formula (b) can be illustrated. Herein, R°*s are all the same or different substituent groups, including 
hydrogen atom, a saturated or unsaturated hydrocarbon group, allyl group or a functional group containing hetero 
. atoms. For example, R° includes alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyi. hexyl, and 
heptyl; cycloalkyl groups such as cyclopropyl, cyciobutyl, cyclopentyt, and cyclohexyl; groups of unsaturated hydrocar- 
5 bons such as benzyl, vinyl, and allyl; functional groups containing hetero atoms, such as hydroxy! group, alkoxy group, 
and aikoxycarbonyl group. The number of the substituents R°'s is an appropriate number of 1 to 6, and the substituents 
can occupy any position. 

R° R? 



15 



20 



30 



[0028] The transition metal catalysts of the group VIII and the like are used to an amount variable, depending on the 
size, mode and economy of the reactor, but the catalysts may satisfactorily be used within a molar ratio range of approx- 
imately 1/100 to 1/100,000, preferably 1/500 to 1/5,000 to the reaction substrate carbonyl compound. 
25 [0029] In accordance with the present invention, use is made of optically active nitrogen-containing compounds in the 
asymmetric catalyst system, and it is possibly assumed that the compounds are present as asymmetric ligands to the 
transition metal complexes or serve as such. For more easily understandable expression, such optically active nitrogen- 
containing compounds may also be illustrated as "optically active amine compounds". The optically active amine com- 
pounds are optically active diamine compounds represented by the following general formula (c); 



C . - ( C ) 

R> R 10 R"R" 



40 (wherein R 9 , R 10 , R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, urethane 
group or sulfonyl group; R 1 \ R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these substit- 
uent groups might occupy the asymmetric center, including hydrogen atom, an aromatic group, a saturated or unsatu- 
rated aliphatic hydrocarbon group or cyclic aliphatic hydrocarbon group; even in this case, the aromatic or cyclic 
aliphatic group may be monocyclic or polycyclic; the polycyciic aromatic group is any of condensed series or non-con- 

45 densed series; and furthermore, any one of R 11 and R 12 and any one of R 13 and R 14 are bonded together to form a 
ring. For example, such compounds include optically active diamine compounds such as optically active 1 ,2-diphe- 
nylethylenediamine, 1 ,2-cyclohexanediamine, 1 ,2-cycloheptanediamine. 2,3-dimethylbutanediamine. 1-methyl-2,2- 
diphenylethylenediamine, 1-isobutyl-2,2-diphenylethylenediamine, 1-isopropyl-2,2<Jiphenylethylenediamine, 1-methyl- 
2,2-di(p-methoxyphenyl)ethylenediamine, 1 -isobutyl-2,2-di(p-methoxyphenyl)ethylenediamine f 1 -isopropyl-2.2-di(p- 

50 methoxyphenyl)ethylenediamine, 1-benzyl-2,2<li(p-methoxyphenyl)ethylenediamine, 1 -methyl-2,2-dinaphthyldiamine, 
1-isobutyl-2,2-dinaphthylethylenediamine. 1-isopropyl-2,2-dinaphthylethylenediamine and the like. 
[0030] Additionally, optically active diamine compounds wherein any one or two of substituents R 9 through R 15 are 
sulfonyl group, acyl group or urethane group are illustrated. Preferably, furthermore, use may be made of optically active 
diamine compounds with one sulfonyl group. Furthermore, the optically active diamine (compounds) for potential use 

55 are not limited to the illustrated optically active ethylenediamine derivatives, and use may be made of optically active 
propanediamine, butanediamine, and phenytenediamine derivatives. 

[0031] As the optically active amine compounds, use is made of optically active amino alcohol compounds repre- 
sented by the following general formula (d). 
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30 




(d) 



R" R» 



10 

[0032] Herein, at least one of R 17 and R 18 is hydrogen atom, and the remaining one is hydrogen atom, a saturated 
or unsaturated hydrocarbon group, urethane group or suKonyl group; R 19 , R 20 , R 21 and R 22 are the same or different 

is so that the carbon bonded with these substituent groups might occupy the asymmetric center, including hydrogen atom, 
a monocyclic or polycyclic aromatic group, a saturated or unsaturated aliphatic hydrocarbon group, and a cyclic 
aliphatic hydrocarbon group; R 23 represents hydrogen atom, a monocyclic or polycyclic aromatic group, a saturated or 
unsaturated aliphatic hydrocarbon group and cyclic aliphatic hydrocarbon group. Furthermore, any one of R 19 and R 20 
and any one of R 21 and R 22 may satisfactorily be bonded together to form a ring. Additionally, any one of R 17 and R 18 

20 and any one of R 20 and R 21 may satisfactorily be bonded together to form a ring. More specifically, use may satisfacto- 
- rily be made of optically active amino-alcohols shown in the examples described below. 

[0033] As the optically active amine compounds, furthermore, use may be made of aminophosphine compounds rep- 
resented by the following general formula (e); 



Jc<*$> 



R M V s R" R» 



[0034] Herein, R 24 and R 25 are hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, sul- 
35 fonyl group and acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent groups 
might occupy the asymmetric center, including hydrogen atom, a monocyclic or polycyclic aromatic group, a saturated 
or unsaturated hydrocarbon group, and a cyclic hydrocarbon group; R 27 and R 28 represent hydrogen atom, and a sat- 
urated or unsaturated hydrocarbon group. More specifically, use may be made of the optically active aminophosphines 
shown in the examples. 

40 [0035] The optically active amine compounds as illustrated above are generally used for example at an amount at 
approximately 0.5 to 20 equivalents, and preferably used for example within a range of 1 to 4 equivalents, to the transi- 
tion metal complex. 

[0036] In the aforementioned catalyst system to be used for the method for producing optically active alcohols through 
asymmetric reduction of carbonyl compounds, advantageously, an additional basic substance is advantageously 
45 present currently. 

[0037] Such basic substance includes for example metal salts or quaternary ammonium compounds represented by 
the following formula (f); 

M 1 Y (f) 

50 

(wherein M 1 represents an alkali metal or alkali earth metal; and Y represents hydroxy group, alkoxy group, mercapto 
group and naphthyl group). More specifically. M 1 includes KOH, KOCH 3 , KOCH(CH 3 ) 2 , KOC(CH 3 ) 3 . KC 10 H 8 , LiOH, 
UOCH 3 , UOCH(CH 3 ) 2 , LiOC(CH3) 3 , NaOH, NaOCH 3 , NaOCH(CH 3 ) 2 . NaC 10 H 8 . NaOC(CH3) 3 and the like. Further- 
more, quaternary ammonium salts may be used satisfactorily. 
55 [0038] The amount, of the base to be used is generally about 0.5 to 50 equivalents, preferably 2 to 1 0 equivalents to 
the transition metal complex. 

[0039] As has been described above, the basic substance is used for smoothly progressing the asymmetric reduction. 
Therefore, the base is an important component so as to give optically active alcohol compounds with a high optical 
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purity. 

[0040] For the method for producing optically active alcohol compounds through hydrogen transfer-type asymmetric 
reduction in accordance with the present invention, it is inevitable to use hydrogen-donating organic or inorganic com- 
pounds. By these are meant compounds capable of donating hydrogen via thermal action or catalytic action, and the 

5 types of such hydrogen-donating compounds are not specifically limited, but preferably include alcohol compounds 
such as methanol, ethanol, 1-propanol, 2-propanol, butanol, and benzyl alcohol; formic acid and salts thereof, for exam- 
ple those in combination with amines; an unsaturated hydrocarbon and heterocyclic compounds having in part a satu- 
rated carbon bond, such as tetralin and decalin; hydroquinone or phosphorous acid or the like. Among them, alcohol 
compounds are preferable, and 2-propanol and formic acid are more preferable. The amount of an organic compound 

10 to be used and function as a hydrogen source is determined on the basis of the solubility and economy of the reaction 
substrate. Generally, the substrate concentration may be about 0.1 to 30 % by weight for some type of substrates, but 
preferably, the concentration is 0.1 to 10 % by weight. When using formic acid and a combination of formic acid with 
amine as a hydrogen source, no solvent is necessarily used. If any solvent is intentionally used, use is made of aromatic 
compounds such as toluene and xylene; halogen compounds such as dichloromethane, organic compounds such as 

15 DMSO, DMF or acetonitrile. 

[0041 ] According to the method for producing optically active alcohol compounds in accordance with the present 
invention, hydrogen pressure is essentially not required, but depending on the reaction conditions, hydrogen pressure 
may satisfactorily be loaded: Even if hydrogen pressure is loaded, the pressure may satisfactorily be about 1 atom, to 
several atm. because the catalyst system is extremely highly active. 

20 [0042] The reaction temperature is about -20 °C to 1 00 °C from the economical standpoint. More practically, the reac- 
tion can be carried out around room temperature of 25 to- 40 °C. The reaction time varies, depending on the reaction 
conditions such as the concentration of a reaction substrate, temperature and pressure, but the reaction is on comple- 
tion from several minutes to 1 00 hours. 

[0043] For use, the metal complex is preliminarily mixed with an optically active amine compound as an optically 
25 active nitrogen-containing compound, but a chiral metal complex may be synthesized preliminarily by the following 
method, and the resulting complex may be used. ■ 

[0044] More specifically, the method comprises adding an optically active amine compound, a transition metal com- 
plex and a complex into for example alcohol, and subsequently heating the resulting mixture in an inactive gas under 
agitation. Then, the resulting solution is cooled and treated under reduced pressure, prior to recrystailization, to prepare 

30 an asymmetric complex catalyst. 

[0045] Together with the method for producing optically active alcohol compounds as described above, the present 
invention is to provide a method for producing optically active amine compounds represented by the general formula (II) 
as described above, wherein W 1 is OH, NH 2 . NH-Rc7 NH-OH or NH-O-Rd, comprising asymmetric reduction by using 
an imine compound represented by the general formula (I) wherein W 1 is NH.-'N-Rc, N-OH or N-O-Rd (Rc and Rd inde- ~ 

35 pendently represent a linear or cyclic hydrocarbon group which may or may not have a substituent, or a heterocyclic 
group). - 

[0046] More specifically, for example, the present invention is to provide a method for producing an optically active 
amine compound of the following formula (VI), comprising asymmetric reduction of an imine compound of the following 
formula (V). 

40 



NR 5 




55 [0047] Herein, R 3 and R 4 are almost the same as those in the case of the carbonyl compounds and the optically active 
alcohol compounds of the formulas (I II) and (IV), respectively. 

[0048] For example, R 3 is an aromatic monocyclic or polycyclic hydrocarbon group, unsubstituted or substituted, a 
saturated or unsaturated aliphatic hydrocarbon group or cyclic hydrocarbon group, unsubstituted or substituted, or a 
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hetero monocyclic or polycyclic group containing hetero atoms such as nitrogen, oxygen, sulfur atoms and the like; 
more specifically, R 3 includes aromatic monocyclic or polycyclic hydrocarbon groups such as phenyl group. 2-methy- 
phenyl, 2-ethyiphenyl, 2-isopropylphenyl, 2-tert-butylphenyl, 2-methoxyphenyl, 2-chlorophenyl, 2-vinylphenyl, 3-methyl- 
phenyl, 3-ethylphenyl, 3-isopropylphenyl, 3-methoxyphenyl. 3-chlorophenyl, 3-vinylphenyl, 4-methyphenyl, 4- 

5 ethylphenyl, 4-isopropylphenyl, 4-tert-butylphenyl, 4-vinylphenyl, cumenyl, mesityl, xylyl, 1-naphthyl, 2-naphthyl, 
anthryl, phenanthryl, and Indenyl groups; hetero monocyclic or polycyclic groups such as thienyl, furyl, pyranyl, xanthe- 
nyl. pyridyl, pyrrolyl, imidazolyl, indolyl, carbazoyl. and phenanthronylyl; and ferrocenyl group. Like these examples. R 3 
may contain any of various substituents, which may satisfactorily be hydrocarbon groups such as alky!, alkenyl. 
cycloalkyl, and cycloalkenyl; halogen atom; oxygen-containing groups such as alkoxy group, carboxyl group and ester 

10 group; nitro group; cyano group and the like. 

[0049] Furthermore, R 4 represents hydrogen atom, a saturated or unsaturated hydrocarbon group, aryl group, hetero 
atom-containing functional groups, including for example alky! groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, 
and heptyl; cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl; unsaturated hydrocarbons 
such as vinyl and allyl; and the same as those for R1. Additionally, R 5 represents hydrogen atom, a saturated and 

is unsaturated hydrocarbon group, aryl group, a hetero atom-containing heterocyclic group, or the hydrocarbon group or 
heterocyclic group bonded together via hydroxyl group or oxygen atom, including for example aJkyl groups such as 
methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyl; cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl, and 
cyclohexyl; unsaturated hydrocarbon groups such as benzyl, vinyl and allyl; hydroxyl group; alkyl ether groups; aryl 
ether groups; and the like. Furthermore, a saturated or unsaturated cyclic imine compound formed by bonding together 

20 R 3 and R 4 . R 3 and R 5 or R 4 and R 5 , is illustrated. . 

[0050] Non-cyclic imine compounds cap be synthesized readily from the corresponding ketones and amines. In this 
case, the syn-form and anti-form or a mixture enriched with either one of these syn- and anti-forms may be used satis- 
factorily, but a purified product of the mixture may be used singly or a mixture thereof with another imine compound may 
also be used. 

25 [0051] Even by the method for producing optically active amine compounds, like the method for producing optically 
active alcohol compounds, use is made of an asymmetric reduction catalyst composed of a transition metal complex 
and an optically active nitrogen-containing compound. In the transition metal complex among them, various transition 
metals with Hgands are used, and particularly preferably, use is made of those similar to a transition metal complex rep- 
resented by the general formula (a); 



(where in M is a transition metal of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium,- osmium, palla- 
dium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy group and the like; 
35 L represents neutral ligands such as aromatic compounds and olefin compounds; m and n represent an integer). The 
transition metal in the transition metal complex is preferably rare metal, and specifically, ruthenium is one of preferable 
examples. 

[0052] Like the method for producing optically active alcohols, a monocyclic aromatic compound represented by the 
general formula (b) is illustrated for the aromatic compound as the neutral ligand. Herein, R°'s are the same or different 

40 substituent groups, representing hydrogen atom, a saturated or unsaturated hydrocarbon group, aryl group, and func- 
tional groups containing hetero atoms, for example alkyl groups such as methyl, ethyl, propyl, isopropyl. butyl, t-butyl, 
pentyl, hexyl. and heptyl; cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; unsaturated 
hydrocarbon groups such as benzyl, vinyl, and aJryl; hetero atom-containing functional groups such as hydroxyl group, 
alkoxy group and alkoxycarbonyl group. The number of the substituents R 0, s is an optional number of 1 to 6, and the 

45 substituents each can occupy any position. 



30 



MXmLn 



(a) 



55 



50 




(b) 
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[0053] The transition metal catalysts are used at an amount variable, depending on the size, mode and economy of 
the reactor, but the catalysts may satisfactorily be used within a molar ratio range of approximately 1/100 to 1/100,000, 
preferably 1/200 to 1/5,000 to the reaction substrate imine compound. 

[0054] According to the method for producing optically active amine compounds in accordance with the present inven- 
tion, additionally, use is made of optically active nitrogen-containing compounds in the asymmetric catalyst system, and 
it is possibly assumed that the compounds may be present as asymmetric ligands in the transition metal complexes or 
may serve as such. For more easily understandable expression, such optically active nitrogen-containing compounds 
are illustrated as "optically active amine compounds". As described above, the optically active amine compounds are 
optically active diamine compounds represented for example by the following general formula (c); 

R n R" R" 

P— c > <=> 

R* R xo R*R" 



(wherein R 9 , R 1 °, Rl 5 , and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, urethane 
group or sulfonyl group; R 11 , R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these substit- 
uertt groups might occupy the asymmetric center, including hydrogen atom, aromatic monocyclic and polycyclic groups, 
a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; even in this case, the aromatic, or cyclic, or 
cyclic aliphatic group may be monocyclic or polycyclic; the polycyclic aromatic group is any of condensed series or non- 
condensed series; and furthermore, any one of R 11 and R 12 may satisfactorily form a ring. For example, such com- 
pounds include optically active diamine compounds such as optically active 1 ,2-diphenylethylenediamine, 1,2- 
cyclohexanediamine, 1 ,2-cycloheptanediamine, 2,3-dimethylbutanediamine, 1-methyl-2,2-diphenylethylenediamine, 1- 
isobutyl-2,2-diphenylethylenediamine, 1-isopropyl-2,2-diphenylethylenediamine, 1-methyl-2,2-di(p-methoxypheny0eth- 
ylenediamine, 1 -isobutyl-2,2-di(p-methoxyphenyl)ethylenediamine, 1 -isopropyl-2,2-di(p-methoxyphenyl)ethylenedi- 
amine, 1-benzyl-2,2-di(p-methoxyphenyl)ethylenediamine, 1-methyl-2,2-dinaphthylethylenediamine, 1-isobutyl-2,2- 
dinaphthylethylenediamine, 1-isopropyl-2,2-dinaphthylethylenediamine and the like. 

[0055] Additionally, optically active diamine compounds wherein any one or two of substituents R 9 through R 15 are 
sulfonyl group, acyl group or urethane group may also be used. Preferably, furthermore, use may be made of optically 
active diamine compounds with one sulfonyl group. Furthermore, optically active diamine (compounds) to be possibly 
used are not limited to the illustrated optically active ethylenediamine derivatives, and use may be made of optically 
active propanediamine, butanediamine. and phenylenediamine derivatives. 

[0056] As the optically active amine compound, use is made of an optically active amino alcohol compound repre- 
sented by the following general formula (d) ; 



(d) 




[0057] Herein, at least one of R 17 and R 19 is hydrogen atom, and the remaining one is hydrogen atom, a saturated 
or unsaturated hydrocarbon group, urethane group or sulfonyl group; R 19 , R 20 , R 21 and R 22 are the same or different 
so that the carbon bonded with these substituent groups might occupy the asymmetric center, including hydrogen atom, 
an aromatic monocyclic or polycyclic group, a saturated or unsaturated hydrocarbon group, or a cyclic hydrocarbon 
group; R 23 represents hydrogen atom, an aromatic monocyclic or polycyclic group, a saturated or unsaturated hydro- 
carbon group and a cyclic hydrocarbon group. Furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may 
satisfactorily be bonded together to form a ring, or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily 
be bonded together to form a ring. More specifically, use is made of optically active amino alcohols shown in the exam- 
ples described below. 
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[0058] As the optically active amine compound, furthermore, use Is made of aminophosphine compound represented 
by the following general formula (e). 



5 




(e) 



[0059] Herein, R 24 and R 25 are hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, sul- 

is fbnyl group and acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent groups 
might occupy the asymmetric center, including hydrogen atom, an aromatic monocyclic or polycyclic group, a saturated 
or unsaturated hydrocarbon group, and a cyclic hydrocarbon group; R 27 and R 28 represent hydrogen atom, a saturated 
or unsaturated hydrocarbon group, and allyl group. More specifically, use is made of the optically active aminophos- 
phines shown in the examples. 

20 [0060] ' -The optically active amine compounds as illustrated above are used at an amount for example of approxi- 
mately 0.5 to 20 equivalents, and preferably within a range of 1 to 2 equivalents, to the transition metal complex. 
[0061 ] The transition metal catalyst to be used as the catalyst as described above and the optically active amine com- 
pound are essential components to progress the asymmetric reduction in a smooth manner thereby attaining a higher 
asymmetric yield, and amine compounds at a higher optical purity cannot be recovered at a sufficiently high reaction 

25 activity, if either one of the two is eliminated. 

[0062] For the method for producing optically active amines through hydrogen transfer-type asymmetric reduction in 
accordance with the present invention, the presence of a hydrogen-donating organic or inorganic compound is indis- 
pensable. These compounds mean compounds capable of donating hydrogen through thermal action or catalytic 
action, and the types of these hydrogen-donating compounds are not limited, but preferably include alcohol compounds 

30 such as methanol, ethanol. 1 -propanol, 2-propanol, butanol, and benzyl alcohol; formic acid and salts thereof, such as 
those in combination with amines; unsaturated hydrocarbons and heterocyclic compounds having saturated carbon 
bonds in part, such as tetralin and decalin; hydroquinone or phosphorous acid or the like. Among them, alcohol com- 
pounds are preferable, and 2-propanol is more preferable. The amount of an organic acid to be used as a hydrogen 
source is determined, depending on the solubility and economy of the reaction substrate. Generally, the substrate is 

35 used at a concentration of approximately 0. 1 to 30 % by weight, depending on the type of the substrate to be used, and 
is preferably at a concentration of 0.1 to 10 % by weight. When using formic acid and a combination of formic acid with 
amine as a hydrogen source, no solvent is necessarily used, but use may satisfactorily be made of aromatic compounds 
such as toluene and xylene; halogen compounds such as dichloromethane, or organic compounds such as DMSO, 
DMF or acetonitrile, if it intended to use any solvent 

40 [0063] Hydrogen pressure is essentially not required, but depending on the reaction conditions, hydrogen pressure 
may satisfactorily be loaded. Even if hydrogen pressure is loaded, the pressure may satisfactorily be about 1 atm to 50 
atm. 

[0064] The reaction temperature is about -20 °C to 1 00 °C from the economical standpoint. More practically, the reac- 
tion can be carried out around room temperature of 25 to 40 °C. The reaction time varies, depending on the reaction 
45 conditions such as the concentration of a reaction substrate, temperature and pressure, but the reaction is on comple- 
tion from several minutes to 100 hours. 

[0065] The metal complex to be used in accordance with the present invention is preliminarily mixed with an optically 
active amine compound, but an asymmetric metal complex may be preliminarily synthesized by the following method, 
and the resulting complex may be used. 
so [0066] More specifically, for example, a method is illustrated, comprising suspending a ruthenium-arene complex, an 
optically active amine compound and triethylamine in 2-propanol, heating the resulting mixture in argon or nitrogen gas 
stream under agitation, and cooling then the resulting reaction mixture, from which the solvent is then removed, and re- 
crystallizing the resulting mixture in an alcohol solvent to prepare an asymmetric complex. 

[0067] The catalyst system to be used for the hydrogen transfer-type asymmetric reduction in accordance with the 
55 present invention is very characteristic and has never been known up to now. 

[0068] The optically active ruthenium-diamine complex represented by the following formula (VII) as described above 
as one metal complex composed of a transition metal and an optically active nitrogen-containing compound ligand is 
useful as a catalyst for producing optically active secondary alcohol compounds, comprising subjecting racemic sec- 
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ondary alcohol or meso-type diols to hydrogen transfer reaction, and therefore, the complex draws higher attention. 

R 03 

VN N n ^ K (VI I) 



R 04 H 



m 



In the formula, * represents an asymmetric carbon atom; R 01 andR 02 are the same or different, independently repre- 
senting alky! group, or phenyl group or cycloalkyl group which may or may not have an alkyl group; or R 01 and R 02 
together form an alicyclic ring unsubstituted or substituted with an alkyl group; R 03 represents methanesuifonyl group, 
trifluoromethanesulfonyl group, naphthylsulfonyl group, camphor sulfonyl group, orbenzenesulfonyl group which may or 
may not be substituted with an alkyl group, an alkoxyl group or halogen atom, alkoxycarbonyl group, or benzoyl group 
which may or may not be substituted with an alkyl group; R 04 represents hydrogen atom or alkyl group; X represents 
an aromatic compound which may or may not be substituted with an alkyl group; and m and n simultaneously represent 
0or1._ 

[0069] For more description of the optically active ruthenium-diamine complex of the formula (VII), the aromatic com- 
pound which may or may not have an alkyl group represented by X, for example alkyl groups with C1 to C4. means for 
example benzene, toluene, xylene, mesitylene, hexamethylbenzene, ethylbenzene. tert-butylbenzene, p-cymene, and 
cumene and preferably includes benzene, mesitylene and p-cymene. 

[0070] R 01 and R 02 represent a linear or branched alkyl group, if they represent an alkyl group, for example alkyl 
groups with C1 to C4. More specifically, the alkyl group includes methyl, ethyl, n-propyl, isopropyl, n-, iso-, sec- and tert- 
butyl. More preferably, the group includes methyl, ethyl, n-propyl or iso-propyl. 

[0071 ] If R 01 and R 02 are bonded together to form an alicyclic group, the group may satisfactorily be a C5 to C7-mem- 
bered ring. The alkyl group which may or may not be a substituent therefor, for example alkyl substituent group with C1 
to C4, includes methyl group, ethyl group, n-propyl group, isopropyl group, and n-, iso-, sec- and tert-butyl groups. Pref- 
erably, the alkyl group is methyl. 

[0072] R 1 and R 2 as phenyl group wherein R 01 and R 02 may have an alkyl group, for example methyl group, specifi- 
cally include phenyl, o-, m- and p-tolyl groups. - 

[0073] R 01 and R 02 representing cycloalkyl group contain carbon atoms in 5 to 6-membered rings, preferably includ- 
ing cyclopentyl or cyclohexyl. 

[0074] In more preferable examples, R 01 and R 02 are independently phenyl or R 01 and R 02 together mean tetrame- 
thylene (-(CH 2 ) 4 -). 

[0075] R 03 represents methanesuifonyl group, trifluoromethanesulfonyl group, naphthylsulfonyl group, camphor sul- 
fonyl group, or benzenesulfonyl group which may or may not be substituted with alkyl group, for example alkyl group with 
C1 to C3, alkoxy group for example alkoxy group with C1 to C3, or halogen atom, or benzoyl group which may or may 
not be substituted with alkyl group, for example C1 to C4 alkoxycarbonyl groups, or alkyl group, for example C1 to C4 
alkyl group. 

[0076] More specifically, R 03 representing benzenesulfonyl group which may or may not be substituted with C1 to C3 
alkyl group, C1 to C3 alkoxyl group or halogen atom, includes benzenesulfonyl, o-, m- and p-toluenesuHonyl, o-, m-, and 
p-ethylbenzenesulfonyl, o- t m-, and p-methoxybenzenesulfonyl, o-, m-, and p-ethoxybenzenesulfonyl, o-, m-. and p- 
chlorobenzenesulfonyl, 2, 4, 6-trimethylbenzenesuifonyl, 2,4,6-triisopropylbenzenesulfonyi, p-fluorobenzenesutfonyt, 
and pentafluorobenzenesulfonyl, and more preferably includes benzenesulfonyl or p-toluenesulfonyl. Specifically, R 03 
representing C1 to C4 alkoxycarbonyl groups includes methoxycarbonyl, ethoxycarbonyl, isopropyloxycarbonyl, and 
tert-butoxycarbonyl, preferably including methoxycarbonyl or tert-butoxycarbonyf. R 03 representing benzoyl group 
which may or may not be substituted with C1 to C4 alkyl groups specifically includes benzoyl, o-, m-, and p-methylben- 
zoyl, o-, m-, and p-ethylbenzoyl, o-, m-, and p-isopropylbenzoyl, and o-, m-, and p-tert-butylbenzoyl, preferably including 
benzoyl or p-methylbenzoyl. 

[0077] In the most preferable example, R 03 is methanesuifonyl, trifluoromethanesulfonyl, benzenesulfonyl or p-tolue- 
nesulfonyl. 

[0078] R 04 representing hydrogen atom or alkyl group, for example C1 to C4 alkyl groups, specifically includes for 
example hydrogen, methyl, ethyl, n-propyl. isopropyl, n-, iso-, sec- and tert-butyl, and more preferably includes hydro- 
gen atom or methyl group. 
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[0079] The optically active rutheniurrvdiamine complex is used for the method for producing optically active secondary 
alcohols from ketones as descried above in accordance with the present invention, and in this case, the rac mic sec- 
ondary alcohols as the raw material compounds in accordance with the present invention are illustrated by the following 
formula (VlII). It is needless to say that the racemic alcohols are not limited to those represented by the formula. 




(VIII) 



[0080] R 6 represents an aromatic monocyclic or polycyclic hydrocarbon group, unsubstituted or substituted or a het- 
ero monocyclic or polycyclic group containing hetero atoms including nitrogen, oxygen, sulfur atoms and the like, spe- 
cifically representing aromatic monocyclic or polycyclic groups such as phenyl group, 2-methylphenyl, 2-ethylphenyl, 2- 
isopropylphenyl, 2-tert-butylphenyl, 2-methoxyphehyl, 2-chlorophenyl, 2-vinylphenyl, 3-methylphenyl, 3-ethylphenyl, 3- 
isopropylphenyl, 3-methoxyphenyl, 3-chlorophenyl, 3-vinylphenyl, 4-methylphenyl, 4-ethylphenyl, 4-isopropylphenyl, 4- 
tert-butylphenyi, 4-vinylphenyi, cumenyt, mesityl, xylyi, 1-naphthyi, 2-naphthyl, arrthryi, phenanthryl. and indenyl; hetero 
monocyclic or polycyclic groups such as thienyl, furyl, pyranyl, xanthenyl, pyrtdyl, pyrrolyl, imidazolyl, indolyl, carbazoyl, 
and phenthronylyl; and ferrocenyl group. Furthermore, R 7 represents hydrogen atom, a saturated or unsaturated hydro- 
carbon group, or a functional group containing hetero atoms, including for example alky I groups such as methyl, ethyl, 
propyl, isopropyl, butyl, pentyl, hexyl, and heptyl; cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl, and 
cydohexyl; and unsaturated hydrocarbons such as benzyl, vinyl, and allyl. R 6 and R 7 may be bonded together to form 
a ring, and in this case, R 7 includes for example a saturated or unsaturated alicyclic group giving a cyclic ketone such 
as cyclopentanone, cydohexanone, cycloheptane, cyclopentenone. cyclohexenone, and cycloheptenone; or a satu- 
rated and unsaturated alicyclic group with a substrtuent group having an alkyl group, an aryl group, a unsaturated aikyl 
group or a linear or cyclic hydrocarbon group on each of the individual carbons. 
[0081 ] Additionally, the meso-type diols are represented for example by the following formula (IX). 




It is needless to say that the meso-diols are not limited to them. 

[0082] In this case, R 8 and R 9 are the same and represent a saturated or unsaturated hydrocarbon group which may 
or may not have a substrtuent group, or R 8 and R 9 may be bonded together to form a saturated or unsaturated alicyclic 
group which may or may not have a substituent group. 

[0083] More specifically, the rutheniunvdiamine complex of the present invention is for example such that m and n are 
simultaneously zero in the formula (VII). Herein, tj is used to represent the number of carbon atoms bonded to a metal 
in unsaturated ligands, and therefore, hexahapto (six carbon atoms bonded to metal) is represented by ti 6 ; p-Ts repre- 
sents p-toluenesulfonyl group; Ms represents methanesulfonyl group; and Tf represents trif luoromethanesulfonyl group. 

Ru[(S,S)-F>TsNCH(C 6 H s )^ 

amine) (Ti 6 -benzene)ruthenium) 

Ru[(R.R)-p-TsNCH(C 6 H 5 )CH(C 6 ^^ 

amine) (ri^benzenejruthenium) 

Ru[(S,$)-r>TsNCH(C 6 H 5 )CH^ 

amine)(Ti 6 -p-cymene)ruthenium) 

Ru[(R.R)-p-TsNCH(C 6 H 5 )CH(C^ 

amine)(ti 6 -p-cymene)ruthenium) 

Ru[(S,S)-r>TsNCH(C 6 H 5 )CH(C 6 H^^ 

amine)Oi 6 -mesrtylene)ruthenium) 

Ru[(R.R)-p-TsNCH(C 6 H 5 )CH(C 6 ^ 
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amine)(ti 6 -mesity1ene)ruthenium) 

Ru[(S,S)-MsNCH(C 6 H5)CH(C^ 

benzene)ruthenium) 

Ru[(R.R)-MsNCH(C 6 H 5 )CH(C 6 H 5 )N^^^ 

benzene)ruthenium) 

Ru[(S,S)-MsNCH(C 6 H 5 )CH(C 6 H5)NH](^ 
p-cymene)ruthenium) 
Ru[(R,R)-MsNCH(C 6 H 5 )CH(C 6 H5)NI^^^ 
amine)(n 6 -p- cymene)ruthenium) 

Ru[(S.S)-MsNCH(C 6 H5)CH(C 6 H5)NH]( n 6 .mesitylene)(((S.S)-N.methanesuifonyl-1^ 

amine) (n 6 -mesitylene)ruthenium) 

Ru[(R.R)-MsNCH(C 6 H 5 )CH^ 

amine)(ii 6 -mesitylene)ruthenium) 

Ru[(S,S)-TfNCH(C 6 H^CH(C 5 H 5 )NHK^^ 

amine)(ti 6 -benzene)ruthenium) 

Ru[(R.R)-™CH(C 6 H 5 )CH(C 6 H5)N^^ 

amine) (n 6 -benzene) ruthenium) 

Ru[(S.S)-TfNCH(C 6 H5)CH(C6H 5 )N^^ 

amine)(ii 6 -p-cymene)ruthenium) 

Ru[(R.R)-T1NCH(C 6 H5)CH{C 6 H5)Nhfl( n 6 i5-cymene)(((R ( R)-N-trifluoromethanesulfonyl-1,2^ 

amine) fa 6 i>cymene)rutheniurn) 

Ru[(S.S)-TfNCH(C 6 H5)CH(C $ H5)^^ 

amine)(i] 6 -mesrtyiene)ruthenium) 

Ru[(R,R)-TfNCH(C 6 H 5 )CH(C 6 H 5 )NH^^ 

amine)(ri 6 -mesitylene)ruthenium) 

Ru[(S,S)-C 6 H 5 S02NCH(C 6 H5)CH^ 

amine) Oi 6 -benzene) ruthenium) 

Ru[(R,R)-C 6 H 5 S0 2 NCH(C 6 H5)CH(C 6 ^ . 

amine)(ti 6 -benzene)ruthenium) 

Ru[(S,S)-C 6 H 5 S0 2 NCH(C 6 H5)C^ 

amine)(Ti 6 -p-cymene)ruthenium) 

Ru[(R,R)-C 6 H 5 S02NCH(C 6 H 5 )CH^ 

amine)(Ti 6 -p- cymene)ruthenium) 

Ru[(S.S)-C 6 H 5 S02NCH(e 6 H5)CH(C 6 H5)NH]( n 6 -mesitylene)(((S.S)-N-benzenesulfbnylO,2KJip^ 

amine)(ii 6 -mesitylene)ruthenium) 

Ru[(R,R)-CeH 5 S02NCH(C 6 H 5 )CH^ 

amine) (n 6 -mesityl ene) ruthenium) 

Ru[(S,S)-Ni>Ts-1.2^ydohexanediamine](ii^ 

benzene)ruthenium) 

Ru[(R,R)-Ni>Ts-1 ,2^dohexaned^ 

benzene)ruthenium) 

Ru[(S,S)-Ni>Ts-1.2^ydohexanediamine](T^ 
p-cymene)ruthenium) 

Ru[(R.R)-N^OTs-1,2<ydohexanediamine](ii 6 ^c^ 
amine)Oi 5 -p-cymene)ruthenium) 

Ru[(S,S)-N-p-Ts-1,2-cyclohexanediamine]{Ti 6 -mesityIene)(((S l S)-N-p-toluenesuifonyl-1,2-cydohexanedi- 
amine)(ii 6 -mesitytene)ruthenium) 

Ru[(R,R)-N^-Ts-1,2^yclohexanediamine](ii 6 -mesitylene)(((R > R)-N-p-toluenesulfon^^ 
amine)(ti 6 -mesitylene)ruthenium) 

Ru[(S > S)-N-Ms-1,2^yclohexanediamine](ii 6 -benzene)(((S l S)-N-methanesulfbnyl-1,2-cyd 
benzene)ruthenium) 

Ru[(R,R)-N-Ms-1,2<yclohexanediamine](ti^ 
benzene)ruthenium) 
Ru[(S.S)-N-Ms-1,2-cyclohexanediam^ 
cymene)ruthenium) 

Ru[(R,R)-N-Ms-1 ,2-cydohexanediamine](ii 6 -p-cymene)(((R, R)-N-methanesulfonyl-1 ,2-cydoriexanediamine)(ii 6 - 
p-cymene)ruthenium) 

Ru[(S,S)-N-Ms-1 l 2^yclohexanediamine](Ti 6 -mesitylene)(((S l S)-N-methanesulfonyl-1,2<ydoh 



15 



EP 0 916 637 A1 

mesityl ene) ruthenium) 

Ru[(R.R)-N-MsO,2-cydohexanediamine](Ti 6 -^ 
mesitylene)ruthenium) 

Ru[(S.S)-N-Tf-1,2-c^c!ohexanediamine](n 6 -beruene)(((S l S)-N-trifluorometha 
amine) (Ti 5 -benzene) ruthenium) 

RuKR.RJ-N-TM^-cyclohexanediamineKii^benzeneJKtR, R)-N-trifluoromethanesulfonyl-1,2-cyclohexanedi- 
amine)(ti 6 -benzene)ruthenium) 

Ru[(S,S)-N-Tf-1,2-cyclohexanediamine](n 6 -p^ymene)(((S.S)-N-trifluoromethanesulfonyl-l ,2-cyclohexanedi- 
amine)(Ti 6 -p-cymene)ruthenium) 

Ru[(R,R)-NTf-1,2-cyclohexanediamine](Ti 6 -p^ymene)(((R,R)-N-trHluoromethanesulfonyl^ 

amine)(Ti 6 -p-cymene)ruthenium) 

Ru[(S.S)-N-TM.2-(^clohexanediamine^ 

amine) Oi 6 -mesitytene) ruthenium) 

Ru[(R.R)-N-TM,2-cydohexanediamine](T 1 6 -mesitylene)(((R. R)-N-tr'rfluoromethanesulfonyl-1,2*ydohexanedi- 
amine)(ti 6 -mesitylene)ruthenium) 

RuKS.SJ-N-CeHsSOg-l^-cyclohexanediamineKTi^benzeneJtCCS, S)-N-benzenesulfonyl-1,2-cydohexanedi- 
amine)(ti 6 -benzene) ruthenium) 

Ru[(R t R)-N-C 6 H 5 S02-1,2-cyclohexanediamine](Ti 6 -ben2ene)(((R, R)-N-benzenesu!fonyM,2-cydohexanedi- 
amine)(ii 6 -benzene)ruthenium) 

Ru[(S,$)-N-C 6 H 5 S0 2 -1 ^-cyclohexanediaminelfTi^p^ymeneJCffS, S)-N-benzenesulfonyl-1 ,2-cydohexanedi- 
amine) (ri 6 -p-cymene)ruthenium) 

Ru[(R,R)-N-C6H 5 S02-1 l 2-cyclohexanediamine](n 6 -p*cymene)(((R. R)-N-benzeneesulfonyM,2-cydohexanedi- 
amine)(n 6 -p-cymene)ruthenium) 

Ru[(S,S)-N-C 6 H 5 S02-1.2-cyclohexanediamine](n 6 -mesitylene)(((S, S)-N-benzenesulfonyM,2-cydohexanedi- 
amine)(n 6 -mesitytene)ruthenium) 

Ru[(R,R)-N-C 6 H 5 S02-1,2-cyclohexanediamine](Ti 6 -mesitylene)(((R, R)-N-benzenesutfonyl-1,2-cydohexanedi- 
amine)(n 6 -mesitylene)ruthenium) 

[0084] Those of the formula (VII) wherein m and n are simultaneously 1 are illustrated as follows. Herein, -n. is used 
to represent the number of carbon atoms bonded to a metal in unsaturated ligands. and therefore, hexahapto (six car- 
bon atoms bonded to metal) is represented by ti 6 ; p-Ts represents p-toluenesulfonyl group; Ms represents methanesul- 
fonyl group; and Tf represents trif luoromethanesulfonyl group. 

RuH[(S.S)-p-TsNCH(C 6 H 5 )CH(C^^ 
diamine)(ii 6 -benzene)ruthenium) 

RuH[(R,R)-p-TsNCH(C 6 H5)CH(C 6 H 5 )NH2](n 6 -benzene)(hydride-((R, R)-N-p-toluenesulfonyl-1,2-dipheny1ethyten- 
ediamine)(n 6 -benzene)ruthenium) 

RuH[(S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H5)NH 2 ](ti 6 -p-cymene)(hydride-((S. S)-N-p-toluenesu!fonyl-1,2-diphenylethylen- 
ediamine)(r| 6 -p-cymene)ruthenium) 

RuH[(R,R)-p-TsNCH(C 6 H5)CH(C 6 H5)NH2](Ti 6 -p-cymene)(hydride-((R, R)-N-p-toluenesulfbnyl-1,2<liphenylethyl- 
enediamine)(ti 6 -p-cymene) ruthenium) 

RuH[(S.S)-p-TsNCH(C 6 H5)CH(C 6 H 5 )NH2](Ti 6 -mesitylene)(hydride-((S, S)-N-p-toluenesulfonyl-1,2-diphenylethyl- 
enediamine)(n 6 -mesitylene)ruthenium) 

RuH[(R,R)-FHTsNCH(C 6 H 5 )CH(C 6 H5)NH2](Ti 6 -mesitylene)(hydride-((R, R)-N-p-toluenesulfbnyl-1,2<iiphenylethyl- 

enediamine)(Ti 6 -mesitylene)ruthenium) 

RuH[(S,S)-MsNCH(C 6 H 5 )CH(C 6 H5)NH^^ 

amine) Oi 6 -benzene)ruthenium) 

RuH[(R,R)-MsNCH(C 6 H 5 )CH(C 6 H5)N^ 

amine) (ii 6 -benzene) ruthenium) 

RuH[(S,S)-MsNCH(C 6 H5)CH(C^ 

diamine)(ii 6 -p- cymene) ruthenium) 

RuH[(R,R)-MsNCH(C 6 H 5 )CH(C 6 H 5 )N^ 

cfiamine)(Ti 6 -p-cymene)ruthenium) 

RuH[(S.S)-MsNCH(C 6 H 5 )CH(C 6 H^^ 

diamine)(Ti 6 -mesitylene)ruthenium) 

RuHKR^RJ-MsNCHfCgHsJCHfCgHsJNHgKn^mesityleneJfhydride-ftR. R)-N-methanesulfbnyl-1,2-diphenylethylen- 

ediamine)(n 6 -mesitylene)ruthenium) 

RuH[(S,S)-TfNCH(C 5 H5)CH(C 6 H5^ 
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enediamine)fa 6 -benzene)ruthenium) 
RuH[(R, R)-™CH(C 6 H5)CH(^ 
ylenediamine)(ii 6 -benzene)ruthenium) 

RuH[(S,S)-TfNCH{C 6 H5)CH(C 6 H 5 )NH 2 ](T 1 6 -p-cymene)(hydrkJ -((S.S)-N-trifluoromethanesulfonyl-1,2-cliphenyleth- 
ylenediamine)(T] 6 -p-cymene) ruthenium) 

RuH[(R,R)-TTNCH(C 6 H 5 )CH(C 6 H5)NH2](n 6 -p^ymene)(hydride-((R l R)-N-t^ 
nylethyienediamine){T| 6 -p-cymene)ruthenium) 

RuH[(S,S)-TfNCH(C 6 H5)CH(C 6 H5)NH2](n 6 -mesity!ene)(hydride-((S, S)-N-trifhjoromethanesulfonyf-1,2-diphe- 
nylethylenediamine)(r| 6 -mesrlylenG)rutheniurn) 

RuH[(R ( R)-TfNCH(C 6 H5)CH(C 6 H 5 )NH2](Ti 6 -mesitylene)(hydricle-((R. RJ-N-trifluorometrianesulfonyl.l.a-diphe- 
nylethylenediamine)(n 6 -mesrtylene)ruthenium) 

RuH[(S.S)-C 6 H5S02NCH(C6H5)CH(C 6 H5)NH2](Ti 6 -ben2ene)(hydnde-((S, S)-N-benzenesuI1bnyM l 2-diphenyleth- 
ylenediamine)(ii 6 -benzene)ruthenium) 

RuHttR.RJ-CgHsSOaNCHtCeHsJCHt^HsJNHglh^benzeneJChydride^tR, R)-N-benzenesulfonyl-1,2-diphenyleth- 
ylenediamine)(T| 6 -benzene)ruthenium) 

RuHt(S,S)-C6H 5 S02NCH(C 6 H5)CH(C 6 H 5 )NH2](Ti 6 -p-cymene)(hydride-((S, S)-N-trifluoromethanesu»ony!-1,2- 
diphenylethylenediamine)(ti 6 -p-cymene)ruthenium) 

RuH[(R.R)*C 6 H 5 S02NCH(C 6 H5)CH(C 6 H5)NH2](Ti 6 -p-cymene)(hydride-((R. R)-N-trlfluoromethanesulfony|.1.2- 
diphenylethylenediamine)(n®-p-cymene)ruthenium) 

RuH[(S,S)-C 6 H 5 S0 2 NCH(C 6 H5)CH(C 6 ^ 7 " 

nylethylenediamine)(Ti 6 -mesitylene)ruthenium) 

RuH[(R > R)-C 6 H 5 S0 2 NCH(C 6 H 5 )CH(C6H5)NH 2 ](Ti 6 .mesityIene)(hydride-((R, R)-N-benzenesu»onyl-1 ,2-diphe- 

nylethylenediamine)(ii 6 -mesrlylene)ruthenium) 

RuH[(S,S)-N-p-Ts-1,2K:ydohexanediamine]^ 

amine)(Ti 6 -benzene)ruthenium) 

RuH[(R,R)-N-pTs-1 ,2^ydohexanedi^^ 

amine)fa 6 -benzene)ruthenium) 

RuH[(S, S)-N-p-Ts-1 ^-cyclohexanediaminelfaS^ynieneX^^ ,2-cydohexanedi- 

amine) (r\ 6 -p-cymene)ruthenium) 

RuH[(R,R)-N-p-Ts-1,2<:ydohexanediamine](T^ 

diamine)(n 6 -p-cymene)ruthenium) 

RuH[(S,S)-N-p-Ts-1.2^yclohexanediamine](Ti 6 -mesitylene)(hydride-((S.S)-N-p^ 
diami ne)(ti 6 -mesitylene) ruthenium) - - 
RuH[(R,R)-N-pTs-1.2K:ydahexanediam^ 
diamine)(T) 6 -mesitylene)ruthenium) 

RuHKS.SJ-N-Ms-l^-cyclohexanediamineK^-benzeneJthydride-KS, S)-N-methanesulfonyl-1,2-cydohexanedi- 
amine)(Tj 6 -benzene)ruthenium) 

RuHItR.RJ-N-Ms-l^-cydohexanediamineK^-benzeneJChydride-ttR, R)-N-methanesulfonyl-1,2-cydohexanedi- 
amine)(ii 6 -benzene)ruthenium) 

RuH[(S,S)-N-Ms-1,2<yclohexanediamine](T l 6 -p-cymene)(hydride-((S ( S)-N-methanesulfon^ 
amine)(Ti 6 -p- cymene)ruthenium) 
RuH[(R,R)-N-Ms-1,2^ydohexanedramine](T^ 
amine) fa 6 -p-cymene)ruthenium) 
- RuH[(S,S)-N-Ms-1,2<;ydohexanediamine](n 6 -m^ 
amine)(Ti 6 -mesity!ene)ruthenium) 
RuH[(R,R)-N-Msa2-cydohexanediamine](T^ 
amine)fa 6 -mesitylene)ruthenium) 

RuH[(S,S)-N-TM ( 2-cyclohexanediamine](ii 6 -benzene)(hydride-((S > S)-N-trifluoromethanesulfonyl-1,2-cyclohex- 

anediamine)(ii 6 -benzene)ruthenium) 

RuH[(R,R)-NTf-1,2-cydohexanediamine](^ 

anediamine)(ii 6 -benzene)ruthenium) 

RuH[(S,S)-N-Tf-1 p 2-cydohexaned^ 

anediamine)(T] 6 -p-cymene)ruthenium) 

RuH[(R,R)-N-Tf-1,2-cydohexanediamineK^^^ 

anediamine)(n 6 -p-cymene)ruthenium) 

RuH[(S,S)-N-Tf-1 t 2-cydohexanediamine](ii 6 -mesityiene)(hydride-((S I S)-N-trifluoromethane 

anediamine)(Ti 6 -mesitylene)ruthenium) 

RuH[(R,R)-N-TM,2-cydohexanediamine](T^ 
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anediamine)(T| 6 -mesitylene)ruthenium) 

RuH[(S.S)-N- C 6 H 5 S0 2 -1.2-(yclohexanediamine](r| 6 -benzen^^^ 

ediamine)(n 6 -benzene)ruthenium) 

RuHKR,R)-N-C 6 H 5 S0 2 -1,2-cyclohexanediamineK^ 
ediamine)(ri 6 -benzene)ruthenium) 

RuH[(S,S)-N-C 6 H 5 S0 2 -1 ,2-cyclohexanediamine](n 6 -p<ymene)(hydride-((S ( S)-N-benzenesulfonyl-1 ,2- cyclohex- 

anediamine)("n 6 -p-cymene)ruthenium) 

RuHI(R,R)-N-C 6 H 5 S0 2 -1,2-cyclohexanediamine]^ 

cyclohexanediamine)(ii 6 -p-cymene)ruthenium) 

RuH((S,S)-N-C 6 H 5 S0 2 -1,2-cyclohexanediamine]^ 

anediamine)(Ti 6 -mesitylene)ruthenium) 

RuH[(R,R)-N-C 6 H 5 S0 2 -1.2-cyclohexanediamine](ii 6 -^ 

anediamine)(ii 6 -mesitylene)ruthenium) 

[0085] Among the compounds represented by the general formula (VII) in accordance with the present invention, the 
complex of the formula (VII) wherein m and n are simultaneously 0 can be produced as follows. More specifically 
Ru[(S,S)-,(R l R)-TsNCH(R 01 )CH(R 02 )NH](T l 6 -p^ymene)(((S l S)and(R, R)-N-toluenesulfonyl-1 ,2<lisubstituted ethylene- 
diamine) (ti 6 -p-cymene)ruthenium 

(wherein R 01 and R 02 are the same as described above and Ts is p-toluenesulfonyl group), is readily synthesized by 
reacting a raw material [RuCI 2 (ii 6 -p-cymene)]2(tetrachlorobis(T 1 6 -p-cymene)diruthenium)prepared by the method 
described in a reference J. Chem. Soc., Dalton Trans., pp.233 - 241(1974) with (S,S)-,(R, R)-TsN- 
HCH(R 01 )CH(R 02 )NH 2 ((S,S) and <R,R)-N-p-toluenesulfonyl-1,2<iisubstituted ethylenediamine) in the presence of 
alkali metal hydroxide . or alkali metal alcolate in a solvent 

[0086] The reaction is generally carried out quantitatively, by reacting a raw material [RuCI 2 (ri 6 -p-cyrriene)] 2 (tetrachlo- 
robis (n 6 -phcymene)diruthenium (1 mole) and (S, S)-, (R.R)-TsNHCH(R 01 )CH(R 02 )NH 2 (((S, S) and (R, R)-N-p-tolue- 
nesuffonyl-1 ,2-disubstituted ethylenediamine) (2 moles) with alkali metal hydroxide or alkali metal alcolate in the stream 
of inactive gases such nitrogen, helium or argon in an inactive solvent at a temperature of -10 to 50 °C for 30 minutes 
to 3 hours, and leaving the reaction product to stand alone, prior to liquid separation procedure to remove the aqueous 
phase, and subsequently removing the solvent under reduced pressure. 

[0087] The alkali metal hydroxide or alkali metal alcolate specifically includes NaOH; NaOCH 3 , NaOCaHs, KOH. 
KOCH 3 , KOCsHs, LiOH, UOCH3, and UOC^Hg, preferably including NaOH or KOH. The amount of the alkali metal 
hydroxide or alkali metal alcolate is 5 to 10 fold the amount of ruthenium. The inactive solvent appropriately includes for 
example hydrocarbons such as benzene, toluene, xylene, cyclohexane, and methylcyclohexane; ethers such as dime- 
thyl ether, diethyl ether, diisopropyl ether, methyl-tert-butyl ether, tetrahydrofuran, 1,3-dioxolanee, and 1,4-dioxane; hal- 
ogenated hydrocarbons such as chloroform, methylene chloride and chlorobenzene. 

[0088] The complex can be produced by another method. Specifically, Ru[(S.S)-, (R,R)-TsNCH(R 01 )CH(R 02 )NH](ti 6 - 
p-cymene)(((S,S)and(R. R)-N-toluenesulfonyl-1 ,2-disubstituted ethylenediaminej^^p-cymenejruthenium 
(wherein R 01 and R 02 are the same as described above and Ts is p-toluenesulfonyl group), is readily synthesized by 
reacting a raw material RuCI[(S,S)-, (R,R)- TsNCH(R 01 )CH(R 02 )NH2](Ti 6 -p-cymene) (chloro-((S,S) and (R,R)-N-p-tol- 
uenesulfonyl-1,2-disubstituted ethylenediamine)(Ti 6 -p-cymene)ruthenium prepared through the reaction of [RuCI 2 (u 6 - 
p-cymenekftetrachlorobisfo 6 -p-cymene)di ruthenium, (S.S)-, (R,R)-TsNHCH(R 01 )CH(R 02 )NH 2 ((S,S) and (R.R)-N-p- 
toluenesulfonyM ,2-disubstituted ethylenediamine) with a tertiary amine (for example, triethylamine) for example by the 
method described in J. Am. Chem. Soc., Vol.117, pp.7562-7563 (1995). J. Am. Chem. Soc, Vol.118, pp.2521-2522 
(1996) and J. Am. Chem. Soc., Vol.1 18. pp. 491 6-4917 (1996), in the presence of alkali metal hydroxide or alkali metal 
alcolate in a solvent. 

[0089] The reaction is generally carried out quantitatively, by reacting a raw material RuCI[(S.S)-, (R,R)- 
TsNCH(R 01 )CH(R 02 )NH 2 ]( n 6 -p-cymene)(chloro-((S.S) and (R,R)-N-p-toluenesulfbnyl-1 ,2-disubstituted eth'ylenedi- 
amine)(ri 6 -p-cymene)ruthenium) (1 mole) with alkali metal hydroxide or alkali metal alcolate in the stream of inactive 
gases such nitrogen, helium or argon in an inactive solvent at a temperature of -10 to 50 °C for 30 minutes to 3 hours, 
and leaving the reaction product to stand alone, prior to liquid separation procedure to remove the aqueous phase, and 
subsequently removing the solvent under reduced pressure. 

[0090] The alkali metal hydroxide or alkali metal alcolate specifically includes NaOH, NaOCH 3 , NaOC^Hs. KOH. 
KOCH3, KOC^s, LiOH, UOCH3, and UOC^Hs, preferably including NaOH or KOH. The amount of the alkali metal 
hydroxide or alkali metal alcolate is 1 to 2-fold in mole the amount of ruthenium. TTie inactive solvent appropriately 
includes for example hydrocarbons such as benzene, toluene, xylene, cyclohexane. and methylcyclohexane; ethers 
such as dimethyl ether, diethyl ether, diisopropyl ether, methyltert-butyl ether, tetrahydrofuran, 1 ,3-diaxolane. and 1,4- 
dioxane; and halogenated hydrocarbons such as chloroform, methylene chloride and chlorobenzene. 
[0091 ] In accordance with the present invention, the complex represented by the general formula (V) wherein m and 
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n are simultaneously 1 can be produced as follows. More specifically, RuH[(S, )-, (R t R)-TsNCH(R 01 )CH(R^)NH2]( n 6 - 
p-cymene)(hydride-((S, S) and (R,R)-N-toluenesuKonyl-1,2-disubstituted ethy!enediamine)(ii 6 -p-cymene) ruthenium) 
(wherein R 01 and R 02 are the same as described above and Ts is p-toiuenesurfonyi group), is readily synthesized, by 
reacting a raw material Ru[(S,S)-, (R, R)-TsNCH(R 01 )CH(R 02 )NH](T l 6 -p.cymene)(( (S. S) and (R,R)-N-to!uenesulfonyl- 
1,2-disubstituted ethylenediamine) (T| 6 -p-cymene) ruthenium) ( wherein R 01 and R 02 are the same as defined above; 
and Ts represents p-toluenesuffonyt group) in an alcohol solvent. 

[0092] The reaction is generally carried out quantitatively, by reacting a raw material Ru[(S,S)-, (R.R)- 
TsNCH(R 01 )CH(R 02 )NH] fa 6 -p-cymene)(( (S.S) and (R. R)-N-toluenesulfonyl-l,2-disubstituted ethylenediamine) fo 6 - 
p-cymene)ruthenium) 

(wherein R 01 and R 02 are the same as defined above; and Ts represents p-toluenesulfonyl group) in an inactive gas 
stream in an alcohol solvent at a temperature of 0 to 100 °C for 3 minutes to 1 hour for hydrogen transfer reaction, and 
subsequently removing the solvent under reduced pressure. Appropriate alcohol solvents include for example metha- 
nol, ethanol, n-propanol, isopropanol, n-butanol, iso-butanol, and sec-butano). 

[0093] The complex can be produced by another method. Specifically. RuH[(S,S)-. (R.R)- 

TsNCH(R 01 )CH(R 02 )NH 2 ]( n 6 -p-cymene)(hydride-((S. S) and (R,R)-N-p-toluenesulfonyl-1,2<Jisubstituted ethylenedi- 
amine)(t| 6 -p-cymene)ruthenium) 

(wherein R 01 and R 02 are the same as described above and Ts is p-toJuenesurfonyt group), is readily synthesized, by • 
reacting for example a raw material Ru[(S,S)-. (R, R)-TsNCH(R 01 )CH(R 02 )NH](i 1 6 -p-cymene)(((S,S) and (R.R)-N-tolue- 
nesulfonyl-1 ,2-disubstituted ethylenediamine) (ri 6 -p-cymene)ruthenium) (wherein R 01 and R 02 are the same as defined - 
above; and Ts represents p-toluenesulfonyl group), in a solvent in pressurized hydrogen. 

[0094] The reaction is generally carried out quantitatively, by hydrogenating a raw material RuH[(S.S)-. (R.R)- 
TsNCH(R 01 )CH(R 02 )NH2] (ri 6 -p-cymene)(hydride-( (S.S) and (R.R)-N-toluenesulfonyM ,2-disubstituted ethylenedi- 
amine) (ii 6 -p-cymene)ruthenium) (wherein R 01 and R 02 are the same as defined above; and Ts represents p-tolue- 
nesulfonyl group), in an inactive solvent at a temperature of 0 to 50 °C for 30 minutes to 24 hours (preferably 1 to 10 
hours) in pressurized hydrogen and subsequently removing the solvent under reduced pressure. The hydrogen pres- 
sure is within a range of 1 to 150 atm, preferably 20 to 100 atm. 

[0095] Appropriate inactive solvents include for example hydrocarbons such as benzene, toluene, xylene, hexane. 
heptane, cyclohexane, and methylcyclohexane; and ethers such as dimethyl ether, diethyl ether, diisopropyi ether, 
methyl-tert-butyl ether, tetrahydrofuran, 1 ,3-dioxolane and 1,4-dioxane. 

[0096] An optically active diamine of the formula (S,S)-, (R,R)-R 03 NHCH(R 01 )CH(R 02 )NH 2 ((S.S) and (R.R)-N-substi- 
tuted-1 ,2-disubstituted ethylenediamines) (wherein R 01 R 02 and R 03 are the same as described above) is synthesized, 
by using raw materials (S,S)-, (R,R)-NH 2 CH(R 01 )CH(R 02 )NH 2 ((S,S) and (R. R)-1 ,2-disubstituted ethylenediamines in a 
conventional manner [Protective Groups in Organic Synthesis, Vol.2, pp.309-405(1991)]. More specifically, 
(S.S)-, (R.R)-TsNHCH(R 01 )CH(R 02 )NH 2 ((S.S) and (R.R)-N-P-toluenesulfonyl-1.2-disubstituted ethylenediamines) 
(wherein R 01 and R 02 are the same as defined above; and Ts represents p-toluenesulfonyl group) are readily synthe- 
sized, by reacting for example (S,S)-, (R,R)-NH 2 CH(R 01 )CH(R 02 )NH 2 ((S.S) and (R,R)-1 ,2-disubstituted ethylenedi- 
amines) as raw materials with TsCI (p-toluenesulfbnyl chloride) in the presence of an alkali (for example, tertiary amine, 
alkali metal salts and the like) in a solvent. 

[0097] The reaction is generally carried out quantitatively, by reacting together 

(S,S)- t (R,R)-NH 2 CH(R 01 )CH(R 02 )NH 2 ((S,S) and (R,R)-1,2-disubstituted ethylenediamines) (1 mole) and TsCI (p-tol- 
uenesulfonyi chloride) (1 mole) with an alkali (for example, triethylamine) in an inactive solvent (for example, toluene, 
tetrahydrofuran, and methylene chloride) in an inactive gas stream such as nitrogen, helium or argon or the like at a 
temperature of 0 to 50 °C for 30 minutes to 3 hours, subsequently adding water to the resulting mixture to gently leave 
the reaction product to stand, prior to liquid separation procedure, to remove the aqueous phase, and evaporating the 
solvent under reduced pressure. 

[0098] The optically active diamine (S.S)-. (R.R)-NH 2 CH(R 01 )CH(R 02 )NH 2 ((S.S) and (R.RJ-1 ,2-disubstituted ethylen- 
ediamines) (wherein R 01 and R 02 are the same as defined above), is known and is sometimes commercially available 
or can be produced in a conventional manner or by conventional resolution process of racemates [Tetrahedron Lett., 
Vol.32, pp.999-1002) (1991). Tetrahedron Lett., Vol.34, pp.1905-1908 (1993)]. 

[0099] (S,S) and (R,R)-1,2-diphenyl ethylenediamines and (S,S) and (R, R)- 1 ,2-cyclohexanediamines are commer- 
cially available. 

[0100] For example, the optically active diamine of the general formula (e) can be produced by the following method 
[Tetrahedron Lett., Vol.32, pp.999-1002 (1991)]. 

[0101] The optically active diamine of the general formula (e) ((S, S) and (R, R)-1 ,2-disubstituted ethylenediamines) 
can be produced readily at a high yield, by preparing cyclophosphate from raw materials optically active 1 ,2-disubsti- 
tuted ethylene diols, which is then reacted with amidine to recover imidazoline, and ring opening the imidazoline by 
using an acid catalyst. 

[0102] The ruthenium-diamine complex of the present invention may be isolated and used, but while generating the 



19 



EP 0 916 637 A1 



complex in a reaction solution, the resulting complex is used as a catalyst for asymmetric synthesis and the like. 
[0103] The method for producing optically active secondary alcohols by utilizing the complex of the present invention 
as a hydrogen transfer-type oxidation catalyst will now be described below. 

[0104] The racemic secondary alcohols or meso-type diols to be used as the reaction substrates for producing opti- 
cally active secondary alcohols are represented by the aforementioned formulas (VIII) and (IX!). In the formula (VIII), 
the racemic secondary alcohols in this case specifically include 

1-pheny!ethanol t 1-(2-methy!phenyl)ethanol. 1-(2-ethylphenyl)ethanol, 1-(2-isopropylphenyl)ethanol f 1-(2-tert-butyl- 
phenyl)ethanol, 1-(2-methoxyphenyl)ethanol, 1-(2-ethoxyphenyl)ethanol > 1-(2-isopropoxyphenyf)ethanol, 1-(2-tert- 
butoxyphenyl)ethanol, 1-(2-dimethylaminophenyI)ethanol. 1-(3-methylphenyl)ethanol. 1-(3-ethy!phenyl)ethanol. 1-(3- 
isopropylphenyl)ethanol, 1 -(3-tert-butylphenyl)ethanol, 1-(3-methoxyphenyl)ethanol, 1-(3-ethoxyphenyl)ethanol, 1-(3- 
isopropoxyphenyl)ethanol, 1 -(3-tert-butoxyphenyl)ethanol, 1-(3-dimethylaminopheny1)ethanol. 1-(4-methylphenyl)etha- 
nol, 1-(4-ethy!phenyl)ethanol, 1 -(4-isopropylphenyl)ethanol, 1-(4-tert-butylphenyl)ethanol. 1-(4-methoxyphenyl)ethanol. 
1-(4-ethoxyphenyl)ethanol, 1-(4-isopropoxyphenyl)ethanol, 1-(4-tert-butoxyphenyl)ethanol, 1-(4-dimethylaminophe- 
nyl)ethanol, 1 -cumenylethanol. 1-mesitylethanol, 1 -xylylethanol, 1-(1-naphthyl)ethanol. 1-(2-naphthyl)ethanol, 1-phen- 
anthrylethanol, 1 -indenylethanol. 1 -(3,4-dimethoxyphenyl)ethanol, 1 -(3,4-diethoxyphenyl)ethanol. 1 -(3,4- 
methylenedioxyphenyl)ethanol, 1 -ferrocenylethanol, 

1-phenylpropanol, 1-(2-methylphenyl)propanol. 1-(2-ethylphenyl)propanol. l-(2-isopropylphenyl)propanol, 1-(2-tert- 
butylphenyl)propanol. 1 -(2-methoxyphenyl)propanol, 1-{2-ethoxyphenyl)propanol, 1-(2-isopropoxyphenyl)propanol. 1- 
(2-tert-butoxyphenyl)propanol. 1-(2-dimethylaminopheny|)propanol, 1 -<3-methylphenyl)propanol, 1-(3-ethylphenyl)pro- 
panol, 1-(3-isopropylphenyl)propanol, 1-(3-tert-but^phenyl)propanol, 1-(3-methoxyphenyl)propanol, 1-(3-ethoxyphe- 
nyl)propanol, 1-(3-isopropoxyphenyl)propanol. 1-(3-tert-butoxyphenyl)propanol, 1-(3-dimethylaminophenyl)propanol, 
1-(4-methylphenyl)propanol, 1 -(4-ethylphenyl)propanol, 1-(4-isopropylphenyl)propanol, 1-(4-tert-butylphenyl)propanol, 
1 -(4-methoxyphenyl)propanol. 1 -(4-ethoxyphenyl)propanol, 1 -(4-tsopropoxyphenyl)propanol, 1 -(4-tert-butoxyphe- 
nyl)propanol t 1-(4-dimethyIaminophenyl)propanol, 1 -cumeriytpropanol, 1-mesitylpropanol, 1-xylyIpropanol, 1-(1-naph- 
thyO propanol. 1-(2-naphthyl)propanol, 1 -phenanthrylpropanol. 

1-indenylpropanol, 1 -(3,4-dimethoxyphenyl) propanol, 1-{3,4-diethoxyphenyl) propanol, 1-(3,4-methylenedioxyphenyl) 
propanol, 1-ferrocenylpropanol, 1-phenylbutanol, 1-(2-methytphenyl)butanol, 1-(2-ethylphenyl)butanol f 1 -(2-isopropyl- 
phenyl)butanol, 1-(2-tert-butylphenyl)butanol, 1 -(2-methoxyphenyObutanol, l-(2-ethoxyphenyl)butanol. 1-(2-isopropox- 
yphenyl)butanol, 1-(2-tert-birtoxyphenyl)butanol. 1-(2-<limethylaminopheny0butanol, 1 -(3-methylphenyObutanol, 1 -(3- 
ethylphenyljbutanol, 1-(3-isopropylphenyl)butanol. 1-(3-tert-butyIphenyl)butanol. 1-(3-methoxyphenyl)butanol, 1-(3- 
ethoxyphenyObutanol, 1 -(3-isopropoxyphenyl)butanol, 1-(3-tert-butbxyphenyl)butanoI, 1 -(3-dimethylaminophenyl)buta- 
nol, 1-(4-methylphenyl)butanol. 1 -(4-ethylphenyl)butanol. 1-(4-isopropylphenyl)butanol, 1-(4-tert-butylphenyl)butanol, 
1-(4-methoxyphenyl)butanol. 1 -(4-ethoxyphenyl)butanol, 1-(4-isopropoxyphenyl)butanol. 1 -(4-tert-butoxyphenyl)buta- 
nol, 1-(4-dimethylaminophenyl)butanol, 1-cumenylbutanol, 1-mesitylbutanol, 1 -xylylbutanol. l-tl-naphthyljbutanol, 1- 
(2-naphthyl)butanol. 1-phenanthrylbutanol, 1-indenylbutanol, 1 -(3,4-dimethoxyphenyl)butanol, 1 -(3,4«Jiethoxyphe- 
nyl)butanol, 1-(3,4-methylenedioxyphenyl)butanol, 1-ferrocenylbutanol, 

1-phenylisobutanol, 1-(2-methylphenyl)isobutanol, t-(2-ethylpheny0isobutanol. 1-(2-isopropylphenyl)isobutanol, 1-(2- 
tert-butylphenyl)isobutanol. 1 -(2-methoxyphenyl)isobutanol, 1 -(2-ethoxyphenyl)isobutanol, 1-(2-isopropoxyphe- 
nyl)isobutanol, 1-(2-tert-butoxyphenyl)isobutanol. 1-(2-dimethylaminophenyl)isobutanol. 1-(3-methylphenyl)isobutanol, 
1-(3-ethy!phenyl)isobutanol, 1-(3-isopropylphenyl)isobutanol t 1-(3-tert-butylphenyl)isobutanol, 1-(3-ethoxyphenyl)isob- 
utanol, 1 -(3-ethoxyphenyl)isobutanol, 1 -(3-isopropoxyphenyl)isobutanol, 1 -(3-tert-butoxyphenyl)isobutanol, 1 -(3- 
dimethylaminophenyl)isobutanol. 1 -(4-methylphenyOisobutanoI. 1 -(4-ethylphenyl)isobutanol 1 1 -(4-isopropylphe- 
nyl)isobutanol, 1-(4-tert-butylphenyl)isobutanol, 1-(4-methoxyphenyl)isobutanol, 1 -(4-ethoxyphenyl)isobutanol, 1-(4- 
isopropoxyphenyl)isobutanol f 1 -(4-tert-butoxyphenyl)isobutanol, 1 -(4-dimethylaminophenyl)isobutanol, 1 -cumenylisob- 
utanol, 1-mesitylisobutanol, 1-xylylisobutanol, 1-(1-naphthyl)isobutanol, 1-(2-naphthyl)isobutanol, 1-phenanthrylisobu- 
tanol. 1 -indenylisobutanol. 1 -(3.4-dimethoxyphenyl)isobutanol. 1 -(3,4«diethoxyphenyl)isobutanol. 1 -(3,4- 
methylenedioxyphenyl)isobutanol, 1-ferrocenylisobutanol, 1 -phenylpentanol, 1-(2-methylphenyl)pentanol, 1-(2-ethyl- 
phenyl)perrtanol, 1-(2-isopropylphenyl)pentanol, 1-(2-tert-butylphenyl)pentanol, 1 -(2-methoxyphenyl)pentanol, 1-(2- 
ethoxyphenyl)pentanol, 1-(2-isopropoxypheny0pentanol, 1-(2-tert-butoxyphenyl) pentanol, 1-(2-dimethylaminophe- 
nyl)pentanol, 1-(3-methylphenyl)pentanol, 1-(3-ethylphenyl)pentanol, 1 -(3-isopropylphenyQpentanol, 1 -(3-tert-butyl- 
phenyljpentanol, 1-(3-methoxyphenyl)pentanol, 1-(3-ethoxyphenyl)pentanol, 1-(3-isopropoxyphenyl)pentanol, 1-(3- 
tert-butoxyphenyl)pentanol, 1-(3-dimethylaminophenyl)pentanol, 1-(4-methylphenyl)pentanol, 1- x (4-ethylphenyl)penta- 
nol. 1-(4-isopropylphenyl)pentanol. 1 -(4-tert-butylphenyl)pentanol. 1-(4-methoxyphenyl)pentanol. 1 -(4-ethoxyphe- 
nyljpentanol, 1-(4-isopropoxyphenyl)pentanol. 1-(4-tert-btrtoxyphenyl)pentanol, 1-(4-dimethylaminophenyl)pentanol, 1- 
cumenylpentanol, 1 -mesitylpentanol, 1 -xylylpentanol, 1 -(1 -naphthyl)pentanol, 1 -(2-naphthyl)pentanol.1 -phenan- 
thrylpentanol, 1-indenylpentanol, 1-(3 ( 4-dimethoxyphenyl)pentanol, H3.4-diethoxyphenyl)pentanol. 1 -(3.4-methylene- 
dioxyphenyl)pentanol, 1 -ferrocenylpentanol, 1-indanol, 1,2 ( 3,4-tetrahydro-1-naphthol, 2-cyclopenten-1-ol, 3-methyl-2- 
cyclopenten-1-ol, 2-cyclohexen-1-ol, 3-methyl-2-cyclohexen-1-ol. 2-cycloheptan-1-ol, 3-methyl-2-cycloheptan-1-ol, 2- 
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cyclooctan-1-ol, 3-methyl-2-cyclooctan-1 -ol, and 4-hydroxy-2-cyclopenten-1 -one. Additionally, the meso-type diol rep- 
resented by th formula (IX) specifically represents meso-2-cycloperrten-1 ,4-diol, meso-2-cyc!ohexane-1 ,4-diol. meso- 
2-cycloheptane-1 ,4-diol, meso-2-cyclooctan-1,4Kiiol l 5,8-dihyroxy-1 ,4,4a. 5, 8. 8a-hexahydro-endo-1.4-methanonaph- 
tharene and the like. 

[01 05] As the ruthenium-diamine complex to be used for the hydrogen transfer-type oxidation of the present invention, 
the optically active ligand diamine of the general formula (VII), namely (R, R) form or (S, S) form, may satisfactorily be 
used. Depending on the selection, an objective compound of the desired absolute configuration can be produced. Such 
ruthenium-diamine complex can be used at 1/10,000 to 1/10 fold in mole, preferably 1/2,000 to 1/200 fold in mole to the 
substrate compound. 

[0106] For carrying out the reaction, the substrate compound and the ruthenium-diamine complex are added to 
ketone alone or an appropriate mixture of ketone with an inactive solvent, to prepare a homogenous solution, for reac- 
tion at a reaction temperature of 0 to 100 °C, preferably 10 to 50 °C, for 1 to 100 hours, preferably 3 to 50 hours. 
[01 07] Ketones including for example acetone, methyl ethyl ketone, diethyl ketone, diisopropyl ketone, methyrtert-butyl 
ketone, cyclopentanone, and cyclohexanone are used. More preferably, acetone is better. These ketones may satisfac- 
torily be used singly or in a mixture with an inactive solvent. Ketones can be used at an amount of 0.1 to 30 fold (vol- 
ume/weight), depending on the type of the substrate, but preferably at an amount of 2 to 5 fold (volume/weight). 
[0108] Appropriate inactive solvents include for example hydrocarbons such as benzene, toluene, xylene, hexane, 
heptane, cyclohexane. and methylcyclohexane; and ethers such as dimethyl ether, diethyl ether, diisopropyl ether! 
methyltert-butyl ether, tetrahydrofuran, 1,3-dioxolane, and 1,4-dioxane. 

[0109] In accordance with the present invention, the reaction may be carried out in a batchwise manner or a contin- 
uous manner. 

[01 1 0] The resulting product can be purified by known processes such as silica gel column chromatography. 

Examples 

Example A 

(Production of optically active alcohols) 

[0111] Production examples of optically active alcohols are shown below, and the inventive method will further be 
described in detail. Tables 1 , 2 and 3 collectively show reaction substrates, transition metal complexes and optically 
active amine compounds as chiral ligands. which are to be used as typical examples. 
[01 12] The instrumental analysis was done by using the following individual systems. 

NMR: JEOL GSX-400/Varian Gemini-200 ( 1 H-NMR sample: TMS. 31 P-NMR standard sample: phosphoric acid) 
GLC: SHIMADZU GC-17A(column: chiral CP-Cyclodextrin-b-236-M1 9) 
HPLC: JASCO GULLIVER (column: CHIRALCEL OJ, OB-H, OB, OD) 
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Table 1 

Carbonyl compounds 



w 




1 

15 a R,-H. R 2 -CH 3 

b R t -H.R 2 -C 2 H S 
c R, - H. R 2 - CH(CH 3 ) 2 
<* R| - H. R 2 - C(CH 3 )3 
• Rj m CHj, R 2 =i CHj 
f R, - CI. R 2 - CH a 
g R, -OCH 3> R 2 -CH3 
h R, -CN,R 2 -CH 3 
' Ri - H. R 2 - (CHjhCOjC^ 

25 
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45 



50 
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Table 2 

Asymmetric metal complexes 
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IRuCI(arena)k 



arena = 
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Table 3 



Cr oH 



17(1S t 2fl) 
18 (1S.2S) 




19 (1S.2A) 

20 (1S.25) 



21 (tS.2fl) 

22 (IS.2S) 



^ ^ 

Ph 2 P NH 2 PhjP N(CH a ) 2 PJhP NH 2 Ph a P NH Z 

23(/?) 24(A) 25(A) 26(5) 



55 



23 



EP 0 916 637 A1 



Examples 1 through 19 

[01 1 3] To dry 2-propanol (5.0 ml) were added various amino alcohol compounds (0.05 mmol) as chiral ligands of opti- 
cally active amine compounds as shown in Table 3 and the ruthenium arene complex (0.0125 mmol) shown in Table 2. 
5 for agitation in argon or nitrogen gas atmosphere at 80 °C for 20 minutes, and the resulting mixture was cooled to room 
temperature, to which were then added frozen and degassed dry 2-propanol (45.0 ml), various carbonyl compounds (5 
mmol) deaerated and distilled as shown in Table 1. and a solution of 0.05M KOH in 2-propanol (2.5 ml; 0.125 mmol) in 
this order, for subsequent agitation at room temperature. After completion of the reaction, dilute hydrochloric acid was 
added to adjust the resulting mixture to acidity, from which most of 2-propanol was evaporated off under reduced pres- 
to sure, followed by addition of saturated sodium chloride solution. The resulting product was extracted into ethyl acetate, 
rinsed with saturated sodium chloride solution several times and dried over anhydrous sodium sulfate. The solvent was 
distilled off from the product. The final product was analyzed by 1 H-NMR (CDCI 3 ), to calculate the conversion. Then, 
the product was purified by thin-layer silica gel chromatography, and the isolated alcohol fraction was used to determine 
the optical purity and absolute configuration by HPLC or GLC. The results are collectively shown in Table 4. Further- 
15 more, the conversion and optical purity of the sampled reaction solution can be calculated simultaneously by GLC. 

Examples 2Q tQ23 

[0114] Using the same method as in Example 1 , aminophosphine compound was used as an optically active amine 
20 compound for the reaction. The results are collectively shown in Table 4. 
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Examples 24 to 41 

[01 1 5] By using the same method as described in Example 1 and using optically active amine compounds, the chiral 
Ru complexes shown in Table 2 were synthesized. The complex catalysts and carbonyl compounds were added to a 

5 mixture of formic acid and triethylamine (5:2), for reaction at room temperature for a given period. After completion of 
the reaction, the reaction mixture was diluted with water, to extract the product in ethyl acetate. After drying the organic 
phase over anhydrous sodium sulfate and evaporating the solvent off, 1 H-NMR (CDCI 3 ) was analyzed to calculate the 
conversion. The optical purity and absolute configuration were determined by HPLC or GLC. The results are collectively 
shown in Table 5. The conversion and optical purity of each sampled reaction solution can be calculated simultaneously 

w by GLC. 

[01 1 6] In accordance with the present invention, optically active alcohols can be produced at a high optical purity and 
a high synthetic yield 
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45 Example B 

(Production of optically active amines) 

[0117] Production examples of optically active amines are shown below and the present inventive method will be 
so described in detail. Tables 6 and 7 show reaction substrates and asymmetric metal catalysts to be possibly used as typ- 
ical examples. 

[0118] The instrumental analysis was done by using the following individual systems. 

NMR: JEOL GSX-400/Varian Gemini-200 ( 1 H-NMR sample: TMS. 31 P-NMR standard sample: phosphoric acid) 
55 GLC: SHIMADZU GC-17A(column: chiral CP-CycIodextrin-b-236-M19) 
HPLC: JASCO GULLIVER (column: CHIRALCEL OJ, OB-H, OB, OD) 

[01 1 9] The absolute configurations of the resulting optically active amine compounds were determined on the basis 
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of optical rotation and by HPLC and X-ray structural analysis. Blanks are not definitely shown. 



Imine compounds 




2a: R-CH 3 3 

2b: B - a.MCHjOhC.HjCH, 

2c: R - a.-HCHjOhC^fCHj), 

2d: R . C.H 4 

2a: A » aXCHjPltCftK! 

21: R - CiHjCHj 

2a: fl- i-CH a c;H, 
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Enamine compounds 
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Table 7 

5 

Asymmetric metal complexes 
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a: r^-ar ana - />cymene ; Ar - p>CH 3 C 4 H 4 

b: -arena -p-cymena ;Ar - 2A6-(CH 3 J 0 C S H 2 

c: r^-arena ~ bandana ;Ar- l-naphlhyi 

a : tv -arena - benzene ; Ar - p.CH 3 C 4 H 4 
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Example 42 

[0120] 6,7-Dimethoxy-1-methyl-3.4-dihydroxyisoquinoline (Table 6-2a) (1.03 g, 5 mmol) and a ruthenium catalyst 
35 (Table 7) (R, R)-1a (16 mg, 0.025 mmol) were dissolved in acetonitrile (10 ml), followed by addition of a mixture of formic 
acid-triethylamine (5 : 2), for agitation at 28 °C for 3 hours. To the reaction mixture was added an aqueous sodium car- 
bonate solution to extract the product in ethyl acetate. After evaporation of the solvent. 1 H-NMR(CDCI 3 ) of the resulting 
product was measured to calculate the conversion. Then, the product was purified by silica gel chromatography, to 
determine the optical purity and absolute configuration of the resulting optically active amine by HPLC or GLC. As col- 
40 lectively shown in Table 8, (SJ-e.T-dimethoxy-l-methyl-I^.S.A-tetrahydroisoquinoline (1.02 g, yield of 99 %, 96% ee) 
was obtained. 

Examples 43 to 69 

45 [01 21 ] By using the same reactor as in Example 42 but using different reaction substrates, catalysts, reaction solvents 
and ratios of reaction substrates/catalysts, the same experimental procedures as in Example 42 were carried out. Trie 
results are collectively shown in Table 8. 

Example 70 

50 

[0122] Using the same reactor as in Example 42, the enamine compound was used for the same experimental pro- 
cedures as in Example 42, so that the reaction progressed in a smooth manner, to recover the corresponding optically 
active amine compound. The results are collectively shown in Table 8. 

55 Comparative Example 1 

[0123] Under the same conditions as in Example 42, ruthenium-arene catalysts with no optically active amine ligands 
were used as catalysts, so that the reaction was facilitated, to recover a racemic amin compound quantitatively. 
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Comparative Example 2 

[0124] Under the same conditions as in Example 51, ruthenium-arene catalysts with no optically active amine ligands 
were used as catalysts, so that no reaction was never facilitated. 
5 [0125] As has been described above in detail, in accordance with the present invention, optically active amines can 
be produced at a high yield and an excellent optical purity. 

Table 8 
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109 


35 


36 




67 


' 12c 


(R. R)-le 


200 


CH2CI2 


65 


67 


25 




68 


13 


(S. SMc 


200 


CH2CI, 


16 


82 


64 




69 


' 14 


(S.SMe 


200 


CH2CI2 


67 


71 


12 


R 


70 


15 


(S. S)-le 


200 


CH2CU 


12 


69 


43 




[In 


the 


table, 


s/c 


means 


the 


molar 


ratio 


of 



substrate/ruthenium-optically active diamine complex.] 
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Example C 

(Production of optically active secondary alcohols by kinetic resolution method of alcohols) 

[0126] Production examples of optically active secondary alcohols are shown below, and the inventive method will 
further be described in detail. However, the invention is not limited to these examples. Collectively, Table 9 shows 
racemic secondary alcohols or meso-type diols to be used as typical examples and Table 10 shows ruthenium-diamine 
complexes. 

[0127] Abbreviations used in the present Example are as follows. 

n: representing the number of carbon atoms bonded to the metal of unsaturated ligand; and hexahapto (6 carbon 
atoms bonded to metal) is expressed as i\ 6 . 

[0128] The instrumental analysis was done by using the following individual systems. 

NMR: JEOL GSX-400/Varian Gemini-200 ( 1 H-NMR internal standard: TMS) 
GLC: SHIMADZU GC-17A{column: chiral CP-Cyclodextrin-b-236-M19) 
HPLC: JASCO GULLIVER (column: CHIRALCEL OJ, OB-H, OB, OD-H, OD) 
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Table 9 




OH 

RO. 





!c: R R : ( C^N 2b:R-R-CH 2 3 b : fUfcfl- 




5a : R-H 
5b : R-CH 3 



HO H H< ? H QH OH 

CD 03 6 " ' 

• h n h 1 

HO O OH 
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Table 10 

5 



10 



15 



20 



C 9 H 
C a H 



Ts 



I ' Ru— > 



10 : X » p-cymeno 

1 1 : X = mesitylene 



12:X=*p-cymene 
13 : X = mesitylene 



25 



a 



Ts 



Ru— X 



a 



Ts Y 
Ru 



30 



14 : X = p-cymene 

15 : X => mesilylene 



18:X = p-cymene 
17: X=» mesilylene. 



Reference Example 1 

40 Synthesis of RuCI[(S,S)-p-TsNCH(C6H 5 )C^ , 2-diphe- 

nylethyienediamine)(Ti 6 -p-cymene)ruthenium 

[0129] tRuCI 2 (n 6 -p-cymene)]2(tetrachlorobis(n 6 ^-cymene)diruthenium) (1.53 g; 2.5 mmol) and (S,S)-p- 
TsNCH(C 6 H5)CH(C 6 H5)NH 2 ((S,S)-Ni5-to!uenesulfonyl-1, 2-diphenyl ethyl enediamine) (1.83 g; 5.0 mmol) and triethyl- 
45 amine (1 .4ml; 1 0 mmol) are dissolved in 2-propanol (50 ml) in a Schlenk's reactor which is preliminarily dried in vacuum 
and of which the inside is then substituted with argon. The reaction solution was agitated at 80 °C for 1 hour and is then 
condensed, to recover crystal, which was then filtered and rinsed with a small amount of water, followed by drying under 
reduced pressure to recover orange crystal (2.99 g). The yield is 94 %. 

so m.p.> 100 °C (decomposed) 

IR(KBr) [cm' 1 ] : 3272, 3219, 3142, 3063 
3030, 2963, 2874 

55 1 H-NMR(400MHz, 2 H-chloroform,6):ppm 

1.32 (d, 3H), 1.34 (d, 3H), 2.19 (s, 3H f 2. 28 (s, 3H), 3.07 (m, 1H), 3.26 (m, 1H), 3.54 (m, 1H), 3.66 (d. 1H), 
5.68 (d, 1H), 5.70 (d. 1H), 5.72 (d, 1H), 5.86 (d, 1H), 6.61 (m, 1H). 6.29 - 7.20 (m, 14H) 
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Elemental analysis 
(C31H35CIN2O2RUS) 




C 


H 


N 


CI 


Ru 


Theoretical values (%) 


58.53 


5.54 


4.40 


5.57 


15.89 


Elemental values (%) 


58.37 


5.44 


4.36 


5.75 


18.83 



[0130] The present catalyst was tested by X-ray crystallography. It was indicated that the complex was of a structure 
satisfying the analysis results. 

Reference Example 2 

Synthesis of RuCI[(S,S)-p-TsNCH(C 6 H 5 )CH(C 6 Hs)NH2](n 6 -mesitylene)(chloro((S t S)-N-p-toluenesulfonyl-1,2 -diphe- 
nylethylenediamine)fa 6 -mesitylene)ruthenium 

[0131 ] Instead of [RuCI 2 (Ti 6 -p<cymene)] 2 (tetrachlorobis(Ti 6 -p-cymene)diruthenium) ( 

[RuCI 2 (ii 6 -mesitylene)]2(tetrachlorobis(T 1 6 -mesrrylene)diruthenium) was used, and by the same procedures as in the 
Reference Example 1, the aforementioned catalyst was recovered as orange crystal. The yield was 64 %. 

m.p. 218.6-222.5 (decomposed). 

1 H-NMR (400 MHz. 2 H-chloroform. 5) : ppm 

2.24 (3H), 2.38 (s. 9H). 3.69 (dd, 1H). 3.79(d, 1H), 3.99(dd. 1H). 4.19 (brd, 1H), 5.3 0 (s, 3H), 6.65-6.93 
(m ( 9H). 7.06 - 7.15 (m. 3H), 7.35 (d ? 2H) 

Reference Example 3 

Synthesis of RuCI[(S,S)-N-p-Ts-cyclohexane-1 ,2<fiamine](Ti 6 iD-cymene)(chloro-((S f S)-N-p-toluenesulfonyl-1 .2- 
cyclohexanediamiine)(n 6 -p-cymene)ruthenium) 

[0132] Instead of (S,S)-p-TsNCH(C 6 H 5 )CH(C 6 ^ 

(S,S)-N-p-Ts<;yclohexane-1,2-diamine)((S l S)-N-p-tc)luenesulfonyl-l ( 2-cyclohexanediamine) was used, and by the 
same procedures as in the Reference Example 1. the aforementioned catalyst was recovered as orange crystal. The 
yield is 60 %. 

Reference Example 4 

Synthesis of RuCI[(S.S)-N-p-Ts-cyclohexane-1 ^Kljaminel^^mesityleneJ^hloro-aS.SJ-N-p-toluenesulfonyl-l^- 
cyclohexanediamine)(Ti 6 -mesitylene)ruthenium 

[0133] Instead of (S,S)-p.TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ((S.S)-N-p-toluenesulfbnyl-1.2-diphenylethylenediamine). 
(S.SJ-N-p-Ts-cyclohexane-l^-diamineJfflS^SJ-N-p-toluenesulfonyl-l^- cyclohexanediamine) was used, and by the 
same procedures as in the Reference Example 2. the aforementioned catalyst was recovered as orange crystal. The 
yield is 58%. 

Example 71 -a 

Synthesis of RuKS.SJ-p-TsNCHfCeHsJCHtCgHsJNHl^^p-cymeneJKS, SJ-N-p-toluenesulfonyM^-diamine)^^- 
cymene)ruthenium) 

[0134] [RuCI 2 (n 6 -p-cymene)] 2 (tetrachlorobis(Ti 6 -p-cymene)diruthenium) (306.2 mg; 0.5 mmol) and (S,S)-p- 
TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ((S.S)-N-p-toluenesurfonyl-1 ,2-diphenylethylenediamine) (366.4 mg; 1 .0 mmol) and potas- 
sium hydroxide (400 mg; 7.1 mmol) are dissolved in methylene chloride (7 ml) in a Schlenk's reactor which is prelimi- 
narily dried in vacuum and of which the inside is then substituted with argon. The reaction solution was agitated at room 
temperature for 5 minutes, and by adding water (7 m!) to the reaction solution, the color f the reaction solution turned 
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from orange to deep purple. The organic phase was separated and rinsed in water (7 ml). The organic phase was dried 
over calcium hydroxide, from which the solvent was distilled off. Then, the resulting product was dried under reduced 
pressure, to recover catalyst No. 10 of deep purple crystal (522 mg) in Table 10. The yield is 87 %. 

m.p> 80 °C (decomposed) 

IR(KBr) [cm" 1 ] : 3289, 3070, 3017, 2968 
2920, 2859 

1 H-NMR (400 MHz, 2 H-toluene, 6) : ppm 

1.20 (d, 3H), 1.25 (d. 3H). 2.05 (s, 3H) 2. 22 (s, 3H), 2.53 (m, 1H). 4.08 (d, 1H), 4.89 (s. 1H), 5.11 (d 1H) 
5.27 (d, 1H), 5.28 (d. 1H), 5.39 (d, 1H), 6.64 (brd, 1H), 6.87 (d, 2 H), 7.67 (d, 2H), 7.2 - 7.7 (m. 10H) 



Elemental analysis 
(C3iH34N 2 0 2 RuS) 




C 


H 


N 


Ru 


Theoretical values (%) 


62.09 


5.71 


4.67 


16.85 


Elemental values (%) 


62.06 


5.77 


4.66 


16.47 



[0135] The present catalyst was tested by X-ray crystallography. It was indicated that the complex was of a structure 
satisfying the analysis results. 

Example 71 -b 

Alternative synthesis of Ru[(S,S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH]( n 6 -p^ymene)((S,S)-N-p.toluenesulfonyl-1 ,2^diphe- 
nylethylenediamine)(Ti 6 -p-cymene)ruthenium) 

[01 36] RuCI[(1 S^SJ-p-TsNCHtCeHsJCHfCeHsJNHd^iD-cymeneJfchloro^l S,2S)-N-p-toluenesulfonyl-1 ,2-diphe- 
nylethylenediaminej^-p-cymenejruthenium) (318.6 mg; 0.5 mmol) and potassium hydroxide (200 mg; 3.5 mmol) are 
dissolved in methylene chloride (7 ml) in a Shlenks reactor which is preliminarily vacuum dried and of which the inside 
is substituted with argon. The reaction solution was agitated at room temperature for 5 minutes, and by adding water (7 
ml) to the reaction solution, the color of the reaction solution turned from orange to deep purple. The organic phase was 
separated and rinsed in water (7 ml). The organic phase was dried over calcium hydroxide, from which the solvent was 
distilled off. Then, the resulting product was dried under reduced pressure, to recover crystal in deep purple crystal (522 
mg). The yield is 87%. 

Exqmple 72-q 

Synthesis of Ru[(S. S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH](i l 6 -mesitylene)({(S,S)-N-p-toluenesulfony|.1 ,2-diphenylethylene- 
diamine)(T] 6 -mesitylene)ruthenium) 

[0137] Instead of [RuCI 2 (ii 6 -p-cymene)] 2 (tetrachlorobis(T 1 6 -p-cymene)diruthenium), [RuCI 2 (n 6 -mesitylene)] 2 (tetra- 
chlorobis(ii 6 -mesitylene)diruthenium) was used, and by the same procedures as in the Example 71 -a, the catalyst in 
purple crystal as No. 1 1 in Table 1 0 was recovered. The yield is 80 %. 

1 H-NMR (400 MHz, 2 H-chloroform, 6) : ppm 

1.91 (s. 9H), 1.99 (s; 3H). 3.83 (d, 1H). 4. 51 (s. 1H), 4.95 (s, 3H), 5.92 (brd, 1H), 6.3 8 ~ 7.71 (m, 14H) 

Example 72-b 

Alternative synthesis of Ru[(S,S)-p-TsNCH(C 6 H 5 )^ 
nyiethytenediamine)(ii 6 -mesitylene)ruthentum) 

[0138] Instead of RuCI[(S,S)-p-TsNCH(C 6 H 5 )CH( >2 - 
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diphenylethylenediamine)(Ti 6 -p-cymene)ruthenium), RuCI[(S > S)-p-TsNCH(C 6 H 5 )CH(C 6 H s )NH 2 ](n 6 -mesity- 
lene)(chloro-((S. S)-Ni>-toluenesulfonyM,2<Jiphenylethylen^ synthesized as in the 

Reference Example 2 was used, and by the same procedures as in the Example 71 -b, the catalyst in purple crystal was 
recovered. The yield is 90 %. 

Example 73-a 

Synthesis of Ru[(S.S)-N-p-Ts-1 ,2<ydohexanediamine](Ti 6 -p-cymene)(((S > S)-N-p-toluenesulfonyl-1 ,2-cydohexanedi- 
amine)(n 6 -p-cymene)ruthenium) 

[0139] Instead of (S.SJiJ^sNCKCeHsJCHfCsHsJNHdfCS.SJ-N^-toluenesuIfonyl-I^KJiphenylethylenediamine), 
(S,S)-N-p-Ts-1.2^ydohexanediamine(^ was used, and by the 

same procedures as in the Example 71 -a, the catalyst in purple crystal as No. 14 in Table 10 was recovered. The yield 
is58%. 

Example 73-b 

Alternative synthesis of Ru[(S,S)-N^-TsO,2^ydohexanediamine](n 6 -p-<:ymene)(((S,S)-N-p-toluenesulfbnyl-1,2- 
cydohexanediamine)(ii 6 -p-cymene)ruthenium) 

[0140] Instead of RuCI[(S.S)i>TsNCH(C 5 H 5 )C^ ,2- 
diphenylethylenediamine)(n 6 -p-cymene)ruthenium), RuCI[(S. S)-N-p-Ts-cyclohexane-1,2-diamine synthesized in the 
Reference Example 3 was used, and by the same procedures as in the Example 71 -b. the catalyst in purple crystal was 
recovered. The yield is 62 %. 

Example 74-a 

Synthesis of Ru[(S,S)-N-pTs-1 ,2-cydohexanediamine](T l 6 -mesitylene)((S,S)-N-p-toluenesulfonyl-1 ,2-cyclohexanedi- 
amine)fa 6 -mesitylene)ruthenium) 

[0141] Instead of (S,S)-p-TsNCH(C s H5)CH(C 6 H 5 )NH 2 ((S,S)-N^-toluenesulfonylO,2<liphenylethylenediamine), 
(S.S)-N-p-Ts-cyclohexane-1,2-diamine ((S,S)-N-p-toluenesulfonyl-1,2-cyclohexanediamine) was used, and by the 
same procedures as in the Example 71-a, the catalyst as No. 15 shown in Table 10 was recovered as purple crystal. 
The yield is 60 %. 

Example 74-b 

Alternative synthesis of Ru[(S.S)-N^-Ts-1,2K*clohexanediamine]fa^^ 
cyclohexanediamine)(n 6 -mesitylene)ruthenium) 

[0142] Instead of RuCI[(S,S)i>TsNCH(C 6 H5)CH(C 6 H^ 

diphenylethylenediamine)(T) 6 -p^ymene)ruthenium), RuCI[(S,S)-N-p-Ts-1,2-cyclohex^^ 
lene)(chloro-(1S,2S)-N-p-to!uenesulfonyl-l,2-cy^^ synthesized in the Ref- 

erence Example 4 was used, and by the same procedures as in the Example 71 -b. the aforementioned catalyst was 
recovered as purple crystal. The yield is 62 %. 

Example 75-a 

Synthesis of RuH[(S,S)i>-TsNCH(C 5 H 5 )CH^^ 
nylethylenediamine)(Ti 6 -p-cymene)ruthenium) 

[0143] ^ Ru[(S,S)i>TsNCH(C 6 H5)CH^ 

amine)(Ti 6 -p-cymene)ruthenium) (600mg; 1.0 mmd) is dissolved in 2-propanol (10 ml) in a Shlenk's reactor which is 
preliminarily vacuum dried and of which the inside is substituted with argon. The reaction solution was agitated at room 
temperature for 1 5 minutes. The solvent was recovered under reduced pressure at room temperature, to recover a com- 
pound in brown yellow. After rinsing the compound in cool pentane and recrystallizing the compound in methanol, the 
catalyst No. 12 in Table 10 was recovered as orange crystal. The yield is 85 %. 
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m.p. > 60 °C (decomposed) 

IR(KBr) [cm 1 ] : 3335. 331 7, 3228, 3153, 
3060. 3025. 2960. 2917. 
5 2867 



'H-NMR (400 MHz. 2 H-chloroform, 8) : ppm 

•5.47 (s, 1H), 1.53 (d. 3H), 1.59 (d. 3H), 2. 29 (d, 3H), 2.45 (s, 3H), 2.79 (m, 1H), 2.93 (m. 1H), 3.80 (d, 1H) 
4.02 (m. 1 H). 5.15 (d, 1H). 5.19 (d. 1 H). 5.29 (m. 1H). 5.43 (d. 1H) 5.58 (d, 1 H). 6.49 (d. 2H). 6.9 - 7.3 (m. 10H) 7 59 
W (d.2H) 



15 


Elemental analysis 
"(C31H36N2O2RUS) 






C 


H 


N 


Ru 




Theoretical values (%) 


61.88 


6.02 


4.66 


16.80 


20 


Experimental values (%) 


61.79 


5.94 


4.70 


16.56 



[0144] The X-ray crystallography shows that the complex was of a structure satisfying the analytical results. 
Example 75-b 

25 

Alternative synthesis of RuH[(S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](Ti 6 -p-cymene)(hydride-((S > S)-N-p-toluenesulfonyl- 
1 ,2-diphenylethylenediamine)(Ti 6 -p-cymene)ruthenium) 

[0145] Toluene (7 ml) was added into the Ru[(S.S)i>TsNCH(C 6 H5)CH(C6H5)NH](Ti 6 -p-cymene)((S.S)-N-p-tolue- 
30 nesulfonyl-1 ,2-diphenylethylenediamine) (T] 6 -p~cymene)ruthenium) (306.2 mg; 0.5 mmol) synthesized in the Example 
72 in an autoclave which was preliminarily vacuum dried and of which the inside was substituted with argon, for reaction 
at room temperature and a hydrogen pressure of 80 atm. After elimination of the solvent and rinsing in cool pentane 
and subsequent recrystallization in methanol, crystal in orange (420 mg) was recovered. The yield is 70 %. 

35 Example 76-a 

Synthesis of RuH[(S. S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH2](Ti 6 -mesitylene)(hydride-((S.S)-N-p-toluenesulfonyl-1 ,2-diphe- 
nylethylenediamine) fa 6 -mesitylene)ruthenium) 

40 [0146] Instead of Ru[(S. S)-p-TsNCH(C 5 H 5 )CH(C 6 H 5 )NH](T 1 6 -p.cymene)(((S t S)-N-p-toluenesulfonyl-1,2Kiiphe- 
nylethylenediamine) (n 6 -p-cymene)ruthenium). Ru[(S. SJ-p-TsNCKCeHdCHfCeHsJNHJ^^mesityleneJfKS.SJ-N-p-tol- 
uenesulfonyl-1 ,2-diphenylethylenediamine) (T^-mesitylene) ruthenium) synthesized in the Example 72 was used, and 
by the same procedures as in the Example 75-a, the aforementioned catalyst No. 13 in Table 10 was recovered.' The 
yield was 60 %. 

45 

Example 76-b 

Alternative synthesis of RuH[(S, S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH2Kn 6 -mesitylene)(hydride-((S, S)-N-p-toluenesulfb- 
nyl-1 ,2-diphenylethylenediamine) (ti 6 -mesitylene)ruthenium) 

so 

[0147] Instead of Ru[(S, S)-p-TsNCH(C 5 H5)CH(C 6 H5)NH](Ti 6 -p-cymene)(((S. S)-N-p-toluenesulfonyl-1 ,2-diphe- 
nylethylenediamine) (T! 6 -p-cymene)ruthenium), Ru[(S. S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH](Ti s -mesitylene)(((S l S)-N-p- 
toluenesurfonyl-1 ,2-diphenylethylenediamine) (ri 6 -mesitylene)ruthenium) synthesized in the Example 72 was used, and 
by the same procedures as in the Example 75-b, the aforementioned catalyst was recovered. The yield is 60 %. 

55 
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Example 77- a 

Synthesis of RuH[(S, S)-N-p-Ts-1,2-cyclohexanediamine](ii 6 -pK:ymene)(hydride-(S, S)-N-p-toluenesulfonyl-1 ,2- 
cydohexanedlamine)(ii 6 -p-cymene)ruthenium) 

[0148] Instead of Ru[(S, S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH](Ti 6 -p-cymene)((S l S)-N-p-toluenesulfonyl-1 ,2-diphenyleth- 
ylenediamine)(ti 6 -p-cymene)ruthenium), Ru[(S, S)-N-p-Ts-1,2-cyclohexanediamine] {Ti 6 -p-cymene)((S, S)-N-p-tolue- 
nesulfonyM,2-cyclohexanediamine) (ii 6 -p-cymene)ruthenium) synthesized in the Example 73 was used, and by the 
same procedures as in the Example 75-a. the catalyst No. 16 in Table 10 was recovered. The yield is 54 %. 

Example 77-b 

Alternative synthesis of RuH[(S, S)-N-p-Ts-1,2-cyclohexanediamine](ii 6 -p-cymene)(hydride-(S, S)-N-p-toluenesuHb- 
nyl-1 ,2-cyclohexanediamine)(ii 6 -pK;ymene)ruthenium) 

[0149] Instead of Ru[(S. S)-p-TsNCH(C 6 H5)CH(C 6 H 5 )NH](T]Vcymene)(chloro-(S. S)-N-p-to!uenesulfonyl-1 ,2- 
diphenylethylenediamine)(T 1 6 -p-cymene)ruthenium) l Ru[(S, S)-N-p-Ts-1 ( 2-cyclohexanediamine](Ti 6 -p-cymene)((S, S)- 
N-p-tcrfuenesulfbnyl-1,2-cyclohexanediamine)(n 6 i>cymene)ruthenium) synthesized in the Example 73 was used.-and 
by the same procedures as in the Example 75-b, the catalyst was recovered. The yield is 55 %. 

Example 78-a 

Synthesis of RuH[(S, S)-N-p-Ts-1,2-cyclohexanediamine](Ti 6 -mesitylene)(hydride(S, S)-N-p-toluenesulfonyl-1,2- 
cyclohexanediamine)(Ti 6 -mesitylene)ruthenium) 

[01 50] Instead of Ru[(S, SJ-p-TsNCHCCeHsJCHfCeHsJNHKTi^-cymeneJfCS. S)-N-p-toluenesulfonyl-1 ,2-diphenyleth- 
ylenediamine)fo 6 -p-cymene)ruthenium), Ru[(S, S)-N-p-Ts-1 ,2-cyclohexanediamine](n 6 -mesitylene)((S, S)-N-p-tolue- 
nesulfonyl-1,2-cyclohexanediamine)(Ti 6 -mesitylene)ruthenium) synthesized in the Example 74 was used, and by the 
same procedures as in the Example 75-a, the catalyst No. 1 7 in Table 1 0 was recovered. The yield is 52 %. 

Example 78-b 

Alternative synthesis of RuH[(S, S)-N-p-Ts-1,2-cyclohexanediamine](Ti 6 -mesitylene)(hydride((S, S)-N-p-toluenesulf6- 
nyl-l,2-cyclohexanediamine)(ii 6 -mesitylene) ruthenium) 

[0151] Instead of Ru[(S, SJ-p-TsNCHtCgHsJCKCeHsJNI-q^iD-cymeneJtCS. S)-N-p-toluenesulfonyl-1 ,2-diphenyleth- 
ylenediamine)(Ti 6 -p-cymene)ruthenium). Ru[(S, S)-N-p-Ts-1 ,2-cyclohexanediamine](T 1 6 -mesitylene)((S, S)-N-p-tolue- 
nesurfonyl-1,2-cyclohexanediamine)(Ti 6 -mesitylene)ruthenium) synthesized in the Example 74 was used, and by the 
same procedures as in the Example 75-b, the aforementioned catalyst was recovered. The yield is 48 %. 

Example 79 

Synthesis of (R)-1 -indanol 

[0152] Ru[(S, SJ-p-TsNCHfCeH^CHCCgHsJNHl^^-cymeneJKS, S)-N-p-toluenesulfonyM ,2-diphenylethylenedi- 
amine)(ruthenium-Ti 6 -p cymene mesitylene (6.0 mg; 10 pmmol) synthesized in the Example 71 and 1 -indanol (671 mg; 
5 mmol) were weighed in a Shlenks reactor which was preliminarily vacuum dried and of which the inside was substi- 
tuted with argon, and acetone (2.5 ml) was then added to the resulting mixture for agitation at 28 °C for 6 hours. The 
solvent was distilled off under reduced pressure, prior to separation by silica gel chromatography (eluent; ethyl acetate 
: hexane =1:3), to recover (R)-indanol (286 mg) in colorless crystal. The yield is 84 %. 

m.p. 71 - 72 °C 

I a ] 24 0 = -30. 1 ° (c = 1 .96, chloroform) 

[0153] The resulting (R)-1-indanol was analyzed by HPLC (high-performance liquid chromatography), and the objec- 
tive (R)-1 -indanol was at an optical purity of 97 % ee. 
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(HPLC analytical conditions > 
[0154] 

Column: Chiralcel OB (manufactured by Daicell Chemical Industry, Co.) 
Developing solution: isopropanol : hexane = 10 : 90 
Flow rate: 0.5 ml/min 

Retention time: (S)-1 -indanol 1 8.6 minutes 
(R)-l-indanol 12.9 minutes. 

Examples 80 to 93 

[0155] According to the method described in Example 79, the optically active ruthenium-diamine complexes for 
racemic secondary alcohols and meso-type diols as reaction substrates as shown in Table 9 were used for reaction 
under reaction conditions of reaction time to recover the individually corresponding optically active secondary alcohols 
at high yields. The results are collectively shown in Table 11. 



Table 11 



Examples 


Substrates 


Catalysts 


s/c 


Reaction time (hr) 


%(yield) 


%ee 


Products 


80 


1a 


(S.S)-10 


500 


36 


50 


92 


1a(R) 


81 


1a 


(S.S)-11 


500 


30 


51 


94 


1a(R) 


82 


1a 


(S,S)-10 


500 


22 


47 


92 


1b(R) 


83 


1b 


(S,S)-11 


500 


30 


44 


98 


1c(R) - 


84 


1c 


(S,S)-11 


500 


36 


47 


97 


2a(R) 


85 


2a 


(S.S)-11 


500 


24 


47 


97 


2b(R) 


79 


2b 


(S,S)-10 


500 


6 


46 


97 


3a(R) 


86 


3a 


(S.S)-10 


500 


6 


49 


99 


3b(R) 


87 


3b 


(S.S)-11 


500 


36 


51 


98 


4(R) 


88 


4 


(S,S)-10 


500 


4.5 


43 


93 


5a(R) 


89 


5a 


(S,S)-10 


500 


5 


46 


95 


5b(R) 


90 


5b 


(S.S)-11 


200 


3 


70 


96 


7 


91 ' 


5 


(S,S)-10 


200 


3 


56 


87 


9 


92 


1a 


(S,S)-14 


500 


36 


48 


82 


1a(R) 


93 


1a 


(S,S)-15 


500 


36 


48 


86 


1a(R) 


(In the table, s/c means the molar ratio of substrate/ruthenium-optically active diamine complex.) 



Industrial Applicability 

[0156] In accordance with the present invention, optically active alcohols and optically active amines are provided, 
which are useful in various fields of pharmaceutical products, synthetic intermediates thereof, food, flavor, cosmetics! 
liquid crystal materials and the like. 

[0157] The ruthenium-diamine complex of the present invention is industrially useful as a chiral catalyst providing 
higher selectivity and activity in that the complex can be used for organic synthesis such as asymmetric synthetic reac- 
tions. If the complex is used as a hydrogen transfer-type asymmetric reduction catalyst of racemic secondary alcohols 
or meso-type diols, optically active secondary alcohols useful as production intermediates of drugs can be produced 
highly efficiently. 
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Claims 

1 . A method for producing optically active compounds, comprising subjecting a compound represented by the follow- 
ing formula (I); 




(wherein Ra and Rb independently represent a linear or cyclic hydrocarbon group or heterocyclic group, which may 
or may not have a substituent; W, represents oxygen atom, N-H, N-Rc, N-OH or N-O-Rd; and Rc and Rd independ- 
ently represent a linear or cyclic hydrocarbon group or heterocyclic group, which may or may not have a substitu- 
ent), 

to transfer-type asymmetric reduction in the presence of a transition metal complex and an optically active nitrogen- 
containing compound or a transition metal complex with an optically active nitrogen-containing compound as an 
asymmetric ligand, along with a hydrogen-donating organic or inorganic compound, to produce an optically active 
compound represented by the following formula (II); 




(wherein Ra and Rb independently represent the same as those described above; W 2 represents OH, NH 2 . NH- 
Rc. NH-OH or NH-O-Rd,; and Rc and Rd independently represent the same as those described above). 

2, A production method according to daim 1 , wherein the hydrogen transfer-type reduction is carried out in the coex- 
istence of base. 

3. A production method for producing optically active alcohols according to claim 1 , comprising asymmetrically reduc- 
ing a carbonyl compound represented by the following formula (III); 



o 

R 1 -— C- R a 



(III) 



(wherein R 1 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or a heterocyclic group which may or 
may not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms 
composing the ring; R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent. or an aromatic hydrocarbon group, or the 
same heterocyclic group as described above; and R 1 and R 2 may satisfactorily be bonded together to form a ring), 
to produce optically active alcohols represented by the following formula (IV); 

OH 

R-C-R 3 (IV) 
H 
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(wherein R 1 and R 2 are the same as described above). 

4. A method for producing optically active amines according to claim 1 , comprising asymmetrically reducing an imine 
compound represented by the following formula (V); 



NR 6 




(V) 



(wherein R 3 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
cyclic aliphatic hydrocarbon group, which may or may not have a substituent. or a heterocyclic group which may or 
may not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms 
composing the ring; R 4 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent, or an aromatic hydrocarbon group, or the 
same heterocyclic group as described above; R 5 represents hydrogen atom, or a saturated or unsaturated aliphatic 
hydrocarbon group or cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or an aromatic 
hydrocarbon group, or the same heterocyclic group as described above, or the hydrocarbon group or heterocyclic 
group bonded together via hydroxyl group or oxygen atom; and R 3 and R 4 R 3 and R 5 or R 4 and R 5 , are bonded 
together to form a ring), 

to produce optically active amines represented by the following formula (VI); 




(VI) 



(wherein R 3 , R 4 and R 5 are the same as described above). 

5. A production method according to claim 1 , wherein the transition metal catalyst is a metal complex of metals of 
group VIII. ~ 

6. A production method according to claim 5. wherein the metal complex is represented by the following formula; 

MXmLn 

wherein M represents transition metals of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, 
osmium, palladium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy 
group and the like; L represents neutral ligands such as aromatic compounds and olefin compounds; and m and n 
represent an integer. 

7. A production method according to claim 1 , wherein the optically active nitrogen-containing compounds are optically 
active amine derivatives represented by any one of the following formulas; 
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dII R u R" u 



p — c 

N N 
R* R 10 R^r" 




/ 




R 17 R" 



R^V 5 R 2 ' 7 V 




(wherein R 9 , R 10 , R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
thane group or sulfonyl group; R 11 , R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, an aromatic 
group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R 1 1 and R 12 and any 
one of R 13 and R 14 are bonded together to form a ring; 

at least one of R 17 and R 18 is hydrogen atom, and the remaining one is hydrogen atom, a saturated or unsaturated 
hydrocarbon group, urethane group or sulfonyl group; R 19 , R 20 , R 21 and R 22 are the same or different so that the 
carbon bonded with these substituent groups might occupy the asymmetric center and independently represent 
hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or a cyclic hydrocarbon group; 
R 23 represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydro- 
carbon group; furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded 
together to form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together 
to form a ring; 

R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, 
sulfonyl group or acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
unsaturated hydrocarbon group or cyclic hydrocarbon group; R 27 and R 28 independently represent hydrogen atom, 
and a saturated or unsaturated hydrocarbon group. 

A production method according to claim 5. wherein the metal of group VIII is ruthenium. 

A production method according to claim 1, wherein the transition metal catalyst with an optically active nitrogen- 
containing compound as an asymmetric ligand is a metal complex of metals of group VIII wherein an optically 
active amine derivative represented by any one of the following formulas is used as the ligand; 
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R* R 10 R^R 1 ' 





N > 
R M R 25 R 2 ' 7 R 18 



(wherein R 9 , R 10 , R 15 and R 15 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
thane group or sulfbnyl group; R 1 1 , R 12 , R 13 and R 1 4 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, an aromatic 
group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R 11 and R 12 and any 
one of R 13 and R 14 are bonded together to form a ring; 

at least one of R 17 and R 18 is hydrogen group, and the remaining one is hydrogen atom, a saturated or unsaturated 
hydrocarbon group, an aryl group, urethane group or sulfbnyl group; R 19 , R 20 , R 21 and R 22 are the same or different 
so that the carbon bonded with these substituent groups might occupy the asymmetric center and independently 
represent hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon 
group; R 23 represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic 
hydrocarbon group; furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded 
together to form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together 
to form a ring; 

R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, 
sulfbnyl group or acyl group; (CR 2 26 )n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
unsaturated hydrocarbon group or cyclic hydrocarbon group; R 27 and R 28 independently represent hydrogen atom, 
and a saturated or unsaturated hydrocarbon group. 

10. A production method according to claim 8, wherein the metal of group VIII is ruthenium. 

1 1 . A production method according to daim 1 , wherein the hydrogen-donating organic or inorganic compounds include 
alcohol compounds, formic acid, formate salts, hydrocarbon compounds, heterocyclic compounds, hydroquinone 
or phosphorous acid. 

12. A production method according to claim 2, wherein the base is a hydroxide of an alkali metal or an alkali earth metal 
or a salt thereof or a quaternary ammonium salt. 

13. An optically active catalyst composed of a transition metal catalyst and an optically active amine derivative repre- 
sented by any one of the following formulas; 
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10 



15 



20 



R ii R" R" 

,N N 
R 5 R 10 r"r" 



t>20 

R W x? 
R 17 R ls 



1> 
0 

R 23 



CcR 2 ") n 
N > 
R M R 25 R 17 R u 



30 

(wherein R 9 , R 10 , R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
thane group or sutfonyl group; R 11 , R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, an aromatic 
group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R 11 and R 12 and any 

35 one of R 13 and R 14 are bonded together to form a ring; - 

at least one of R 1 7 and R 18 is hydrogen atom, and the remaining one is hydrogen atom, a saturated or unsaturated 
hydrocarbon group, urethane group or sulfonyl group; R 19 , R 20 , R 21 and R 22 are the same or different so that the 
carbon bonded with these substituent groups might occupy the asymmetric center and independently represent 
hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; R 23 

40 represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon 
group; furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded together to 
form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together to form a 
ring; 

R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group. 
45 sulfonyl group or acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
unsaturated hydrocarbon group or cyclic hydrocarbon group; R 27 and R 28 independently represent hydrogen atom, 
and a saturated or unsaturated hydrocarbon group. 

so 14. A catalyst according to claim 13, wherein the transition metal complex is a complex of metals of group VIII as rep- 
resented by the following general formula; 

MXmLn 

55 (wherein M represents transition metals of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, 
osmium, palladium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy 
group and the like; L represents neutral ligands such as aromatic compounds and olefin compounds; and m and n 
represent an integer). 
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15. An optically active catalyst composed of a transition metal catalyst and an optically active amine derivative repre- 
sented by any one of the following formulas; 



£11 R u 

P — C 



N 



N 



10 



R 9 R lQ R^R 16 



R 



20 



15 



20 



R\1 
R 17 R« 



o 

R 23 



R 24 R 25 R 27 R" 



30 

(wherein R 9 , R 10 , R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
thane group orsulfonyl group; R 11 , R 12 , R 13 and R 1 4 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, an aromatic 
35 group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R 11 and R 1 2 and any 
one of R 13 and R 14 are bonded together to form a ring; 

at least one of R 17 and R 18 is hydrogen atom, and the remaining one is hydrogen atom, a saturated or unsaturated 
hydrocarbon group, urethane group or sulfonyi group; R 19 , R 20 . R 21 and R 22 are the same or different so that the 
carbon bonded with these substituent groups might occupy the asymmetric center and independently represent 
40 hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; R 23 
represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon 
group; furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded together to 
form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together to form a 
ring; 

45 R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, 
suffonyl group or acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
unsaturated hydrocarbon group or cyclic hydrocarbon group; furthermore. R 27 and R 28 independently represent 
hydrogen atom, and a saturated or unsaturated hydrocarbon group. 

50 

16. A catalyst according to claim 15, wherein the transition metal complex is a complex of metals of group VIII. 

17. An optically active catalyst according to claim 16, wherein the transition metal catalyst is an optically active ruthe- 
nium-diamine complex represented by the following general formula (VII); 

55 
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(VII) 



(wherein * represents an asymmetric carbon atom; R 01 andR 02 are the same or different, independently represent- 
ing alkyl group, or phenyl group or cycloalkyt group which may or may not have an alky! group; or R 01 and R 02 
together form an alicyclic ring unsubstituted or substituted with an alkyl group; R 03 represents methanesulfbnyl 
group, trifluoromethanesulfbnyl group, naphthylsulfonyl group, camphor sulfonyl group, or benzenesulfonyi group 
which may or may not be substituted with an alkyl group, an alkoxyl group or halogen atom, or benzoyl group which 
may or may not be substituted with alkoxycarbonyl group or alkyl group; R 04 represents hydrogen atom or alkyl 
group; X represents an aromatic compound which may or may not be substituted with an alkyl group; and m and n 
together represent 0 or 1). _ 

18. An optically active ruthenium-diamine complex, represented by the following general formula (VII); 



,03 



.01 



/\ 

R 04 H 



(VII) 



(wherein * represents an asymmetric carbon atom; R 01 andR 02 are the same or different, independently represent- 
ing alkyl group, or phenyl group or cycloalkyl group which may or may not have an alkyl group; or R 01 and R 02 
together form an alicyclic ring unsubstituted or substituted with an alkyl group; R 03 represents methanesulfonyl 
group, trrfluoromethanesulfonyl group, naphthylsulfonyl group, camphor sulfonyl group, or benzenesulfonyi group 
which may or may not be substituted with an alkyl group, an alkoxyl group or halogen atom, or benzoyl group which 
may or may not be substituted with alkoxycarbonyl group or alkyl group; R 04 represents hydrogen atom or alkyl 
group; X represents an aromatic compound which may or may not be substituted with an alkyl group ; and m and 
n together represent 0 or 1). 

19. An optically active ruthenium-diamine complex according to claim 18. wherein R 01 and R 02 are independently phe- 
nyl group or together form an alicyclic ring, unsubstituted or substituted with an alkyl group. 

20. A method for producing optically active secondary alcohols, comprising subjecting racemic secondary alcohols or 
meso-type diols to hydrogen transfer reaction in the presence of an optically active ruthenium-diamine complex cat- 
alyst according to claim 17. 

21. A method according to claim 20. comprising the reaction of racemic secondary alcohols or meso-type diols repre- 
sented by the following formulas (VIII) and (IX); 
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(wherein Fr represents an aromatic monocyclic or polycyclic hydrocarbon group, unsubstituted or substituted or a 
hetero monocyclic or polycyclic group containing hetero atoms, or ferroceny! group; R 7 represents hydrogen atom, 
a saturated or unsaturated hydrocarbon group, or a functional group containing hetero atoms; or R 6 and R 7 may be 
bonded together to form a saturated or unsaturated alicyclic group giving a cyclic ketone and the alicyclic group 
may or may not be substituted; 

R 8 and R 9 furthermore independently represent a saturated or unsaturated hydrocarbon group which may or may 
not have a substituent, or R 7 and R 9 may be bonded together to form a saturated or unsaturated alicyclic group 
which may or may not have a substituent; and n is 1 or 2). 
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